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PROBLEMS AND COMPROMISES IN THE DESIGN OF 
ASPHERIC CATARACT LENSES* 


John K. Davist 
American Optical Company 
Southbridge, Massachusetts 


Wide field cataract lenses, aspheric and spherical, are not new. 
Approaches to the problem have been discussed at various times in the 
past.':?}%4.° Previous attempts have not yielded a light weight, eco- 
nomically feasible lens. 

The aberrations chiefly responsible for the limited field of view 
in cataract lenses are curvature of field, astigmatism, and lateral color 
The above references discuss all of these aberrations. Although lateral 
color is serious in cataract lenses, correcting it requires lenses with 
increased weight and bulk. This has resulted in negligible interest in 
such lenses, although their existence and possibilities have been known. 
The difficulty and expense involved in producing achromatic lenses, 
particularly in bifocal form, has further retarded interest in these lenses 
from a commercial standpoint. 

The last few years have seen a development in the optical industry 
of fabricating processes which could reliably produce plastic lenses of 
high powers. At the same time, for military and instrument applica- 
tions, methods have been developed for producing aspheric glass surfaces 
of steep curvatures in limited quantities and at relatively high cost. It 
became evident, however, that by using such relatively expensive sur- 
faces as glass molds, strongly curved plastic aspheric lenses could be 
produced reliably and at a practical cost. 

This paper deals with the problems and compromises necessary 
to design an aspheric cataract lens series. The problems can be divided 
into two classifications, the first being the optical or functional per 
formance of the lens. The goal is to provide as good vision as possible 
The moving eye and the lens is considered as an instrument whose func- 
tion is to provide a sharp, undistorted picture on the retina, for all 


*Read befcre the ciaual meeting of the American Academy of Optometry, Boston, 
Massachusetts. December 13, 1958. For publication in the June, 1959. issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

+A.B., Head, Ophthalmic Lens Section, New Product Development Department. Fel 
low, American Academy of Optometry 
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directions of gaze. If the second part of the problem were disregarded, 
the first part could be easily solved. Doublets, or multi-element lenses, 
made from rare or unstable optical materials might be used. Heavy, 
bulky lenses would enable the designer to provide an ideal image for 
the patient with the most unusual prescription. 

The second type of problem, however, is to get a lens of reasonable 
weight and bulk, attractive in appearance, which would lend itself to 
easy fitting in a conventional frame, and be of a material which is 
reasonably stable and permanent. There must be a practical means of 
providing a bifocal segment. 

TYPES OF POSSIBLE CORRECTED 
CURVE CATARACT LENSES 


Torte Toric Torte Teric 


Bifecel? 
— 


Bifocal 

A 8 
& Base Dowblet Spherical Surfaces, Achrosatic 
B Filet Dowblet Spherical Surfaces, Achromatic Fié.A 
Bose Single Lens Aspheric 
D <3 Base Lenticuler Dowblet, Spherical, Achrometic 


Figure A illustrates several solutions to the problem, all of which 
lend themselves to fitting into conventional frames. It can be seen 
that Lens “‘C,"’ a one-piece aspheric, or Lens “‘D,”’ a doublet spherical 
type, would be lighter in weight, less bulky, and more easily fitted than 
either ‘A’ or “‘B.”’ Lens “‘C”’ is shown as a blended lenticular lens, 
that is, the sharp borderline between the optical portion and the carrier 
portion has been blended into a smooth curve to remove the sharp 
demarcation zone 

Actual experiments, however, prove that to obtain equivalent 
optical fields of view between a blended lenticular and a nonblended 
lenticular, the blended lenticular had to be increased in thickness to an 
extent where the increased bulk and weight seemed to offset the advan- 
tage obtained by removing the sharp borderline. Further, if the sharp 
borderline were made of a diameter approximately equal to most frames, 
it would tend to blend into the frame, or, actually, lie within the frame 
groove, so that it would be either invisible, or not noticeably unattractive. 
As a result of these experiments and computations, it was decided that 
this design would be of a conventional lenticular type, with a 40 mm. 
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spot. This would provide as wide a field as can be used by most 
patients, and would fit fashionable frames without presenting thick 
edges or increasing thickness. The choice of a relatively hard plastic 
material makes it practical to provide a one-piece bifocal segment on the 
front surface and a desirable reduction in weight. 

The functional or performance problems may now be considered. 
The objective in this respect is to provide a lens which does for aphakic 
patients what corrected curve lenses do for ordinary myopes and hyper- 
metropes. Figure B illustrates the problem. A _ noncorrected positive 


Far Pout Sphere 
Locus of 
Second Focal Line 


Locus of ra 
First Focal Line 


spectacle lens has its tangential focus, for off-axis points, nearer the lens 
than its sagittal focus. In the diagram, these are the circles labeled “‘Locus 
of first focal line,”’ and ‘‘Locus of second focal line."” The far point 
sphere falls back of either of these two lines. The problem is further 
complicated by the fact that a different situation exists for each point 
of the toric; that is, in a sense, we have to design two lenses in one 
One which will correct along the axis of the cylinder and one in the 
cylinder meridian. 

This aspect of the problem may be neglected for now and only 
spherical prescriptions considered. Here, the problem is to maximize 
the acuity when we consider both the tangential and sagittal focus, and, 
lurking in the background as it were, is the factor of lateral color. Little 
can be done about this factor with a single piece of optical material. 
Keeping these factors in mind, let us devote our attention to aspheric 
surfaces, and what they can and cannot do. 

In the upper diagram of Figure | are plots for two lenses, a —3.00 
base sphere of 12.00 diopters and an aspheric. Solid lines indicate the 
change in tangential focus with the field of view, and the dotted lines 
indicate the change in sagittal focus. It is seen that the sphere is well 
corrected in the sagittal meridian, but extremely uncorrected in the 
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a3 SPHERICAL VS. ASPHERIC 
+12.00 DIOPTER LENSES 
ASPHERIC | 
iy 
20 
A 
20% 
/ 


-0.8 -0.4 704 +08 
POWER ERROR (DIOPTERS) 


ALTERNATE DESIGNS 


FIG. | “T* TANGENTIAL) FOCUS 
“S* (SAGITTAL) FOCUS 


tangential. The aspheric has some slight residual error in the tangential 
and more in the sagittal. By changing the shape of the aspheric surface, 
ay other designs, as illustrated in the lower diagram, are possible. 
i indicates the plot of an aspheric lens, with practically no astigmatism, 

but appreciable power error for wide fields of view. Can these curves, 


BB, be made to straighten out and lie on the zero line? 


i Figure 1A illustrates an attempt to do that. At 20 
a4 astigmatism, and both curves lie on the zero line. There is a quarter 
diopter zone at 10°, and 1.00 D. of power and 0.75 D. of a diopter 


of astigmatism at 25 


These three aspheric designs illustrate the restrictions on design 

a which still exist, even when using an aspheric surface. This is inherent 
a in a single continuous surface. The zonal powers or focus of an aspheric 
¥ lens are functions of the curvature in each meridian at the point the 
ray bundle passes through the lens, just as they are functions of the 

curvatures on axis in any lens. The sagittal focus is a function of the 

4 curvature in one meridian; tangential focus is a function of the curvature 
in the other. The tangential curvature is a function of the derivative 

of the sagittal curve. If we set the tangential correction at two points 


* in the field and the curve changes smoothly between these points, the 
4 sagittal correction is predetermined and the designer can do nothing 
Ye about it. He is at the mercy of these mathematical relationships between 
\, sagittal and tangential curvatures. 
Mt Will changing base curves help? For a given prescription, the 
choice of base curves does effect these relationships in a minor way, but 
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? 
Lens 
3 Term Aspheric 
Corrected at 20° 
4 
23° 
| 
20° 
is 
3/3/38 
tA 


POWER IN DIOPTERS 

computations indicate that the relationship between sagittal and tan- 
gential errors are not sensitive to base curve changes when the vertex 
power of the lens is held constant. A different aspheric is required, 
depending on base curve, but the final performance of the lens remains 
nearly the same. Since an ideal correction cannot be obtained, it is 
necessary to decide what sort of compromise is best. 

The relative effects on image quality of tangential error, sagittal 
error, and lateral color have been studied.' Since lateral color is a 
tangential blur, it is reasoned that the destruction of useful information 
in the tangential meridian would be heightened by lateral color, and 
that tangential power error ought to be kept at a minimum. To do 
this, we have seen, requires that sagittal errors be increased. The ques- 
tion is—how far should one let the sagittal error go’? To obtain quan- 
titative information with respect to these additive effects, color photo- 
graphs of a Snellen Chart were taken. The camera distance was 5 
feet, the lens a 58 mm. at F/8. For various photographs, possible aspheric 
compromises were simulated with trial case lenses and a prism. A graph 
of relative acuity vs. type of aspheric compromise was plotted and is 
shown in Figure 2. It is seen that if we keep the tangential power error 
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ASTIGMATIC ERRORS WRITTEN AS RX 


to +0.50 D. and, if necessary, let the sagittal error go up to —0.75 D., 
we will be providing a lens which is nearly optimum in its performance. 
We now know what kind of a correction we want. We want a rela- 
tively flat field tangential correction. We know that it can vary within 
the limits as shown, without seriously affecting acuity. 

Most cataract lenses are toric prescriptions, which means, in a 
sense, that each lens has to fill two different prescriptions and that 
each aspheric surface should be corrected for two different prescriptions: 
one at one point of the toric and one at the other. Since, by presently 
available techniques, we are limited to putting the aspheric surface on 
the symmetrical front surface of the lens, some compromise is necessary. 

Further, in order to reduce magnification and the bulky appearance 
of the lenses, those who fit cataract prescriptions usually fit them as close 
to the eye as possible. Depending on facial contours and frame styles, 
there is a wide variation in this fitting distance. A lens that performs 
well at one fitting distance may or may not perform well at another 
To determine what factors might be of help in these respects, a wide 
variety of designs were computed on different base curves. A +-13.00 D. 
lens was selected to illustrate the findings. Figure 3 shows how a different 
ocular curve on the same type of correction, affects the deviation from 
this correction, due to a change in lens power, and the deviation from 
correction, due to a change in stop position, or eye to lens distance. On 
this plot, the solid lines represent a 13.00 D. lens, with a flat back: 
the dash lines represent a 13.00 D. lens, with a 3.00 D. ocular curve, 
and round dot lines indicate the type of corrections obtained with a 
4.00 D. back curve. It can be seen that sensitivity to change in eye 
position is minimum between ocular curves of 3.00 and 4.00 D., and 
that for flatter curves, the shorter eye position has a more positive 
residual error than the longer eye position, and for steeper curves, the 
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EFFECT OF BASE CURVE ON 
VERSATILITY OF ASPHERICS 


rig 3 
reverse holds true. There are, therefore, two excellent reasons for using 
a base curve in the neighborhood of —3.00 or —4.00D. One is 
lack of sensitivity to stop position, the other is lack of sensitivity to 
change in prescription or, as we recall, a difference in correction between 
the two points of the toric. 

There is another point to be considered when we consider sen- 
sitivity to stop position and that is, that there are two types of acuity 
with which all patients are concerned—cataract patients and normal 
patients. The acuity for the dynamic field of view, with the eyes 
sweeping the lens, and the peripheral acuity for a static field of view: 
to be sure, peripheral vision is not as acute as central vision but it is 
important to correct it if we can. To correct both the dynamic and 
static fields of view means that the lens should be corrected both for 
the center of revolution of the eye and for the pupil. This means that 
a lens which is least sensitive to differences in stop positions, will tend 
to be corrected for both of these fields of view. We now know that 
we want to keep a minimum error in the tangential meridian and that 
we want approximately a —3.50D. base curve. 

Figure 4 indicates a skeleton chart, from which a lens series can 
be drawn up. There are three prescriptions, with two stop positions. 
It can be seen that for one blank, if the power is increased, the tangential 
error increases in the plus direction, and if the power of the lens is 
decreased, the tangential power error increases in the minus direction 
The sagittal power is much less sensitive, and can be ignored, except 
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+9 +10 +12 *13 +16 
23259" sToe POWER OF LENS 
* 2700" 4 


at the extreme limit of overcorrection. These sloping lines indicate the 
range of correction available in toric prescriptions. For example, if 
a +14.00 D. lens is required, with a —2.00 D. cylinder correction, and 
a 13 blank is used, then a diagonal line reaching through an optimum 
at 13, going plus at 14, and minus at 12, indicates the correction 
obtained at the two points of the toric. This diagonal line also indicates 
what happens if a sphere is put on a blank other than the one designed 
for it. 

If we sketch into Figure 4, diagonal lines for every 0.50D.., it is 
seen that a lens series can be laid out, indicating at what points it is 
desirable to change blanks. 

We set our tolerances on residual errors and select a blank which 
will provide undercorrection and overcorrection within this tolerance 
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for both points of the toric. For strong cylinder prescriptions, tolerances 
must be increased. It will be noted that a slight undercorrection has 
been selected as optimum. This is to reduce overcorrection for the 
cylinder meridian of toric prescriptions which generally lie in the hori- 
zontal meridian. The 180° line on the most common prescriptions 
has been favored. 

Although the lenses are designed for distance, because most of them 
will have bifocal segments, they perform well at near. As Figure 5 
shows, we obtain a split field with a somewhat flatter correction in 
the tangential meridian. The total astigmatism for 35° is only 0.4 D. 


ASPHERIC 
SURFACE 


TORIC 
SURFACE 


BIFOCAL 
SEGMENT 


FIG. 6 


Weight and 


Figure 6 illustrates a cross section of the finished lens. 
distortion data are also of interest and are given below. 


Weights 46 mm. Round Lens +14.00 D. 


Regular glass lens 25.7 grams 
40 mm. Lenticular glass 18.7 grams 
34 mm. Lenticular glass 14.6 grams 
Plastic 40 mm. Lenticular 10.0 grams 
Distortion 27 mm. stop 8.5% aspheric 
+13.00 D. Lens 11.1% sphere 


The above discussion airs some of the compromises and decisions 
necessary to crystalize the design of an aspheric cataract lens series 
Field tests and photographic analysis tend to bear out the validity of the 
points of view which were assumed. 

Experience with these and other aspheric designs and research on 
the seeing problems of aphakics will undoubtedly point to necessary 
changes in points of view. 

It is hoped that new materials and techniques will become avail- 
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able to capitalize on opportunities for further improvement, those now 
known and any that may develop. 
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ANNOUNCEMENT 


THE CANADIAN ASSOCIATION OF OPTOMETRISTS 


The sixth biennial convention of the Canadian Association of 
Optometrists will be held at the Hotel Vancouver, Vancouver, British 
Columbia, Canada, July 5, 6, 7 and 8, 1959. The British Columbia 
Optometric Association will act as hosts and all Canadian optometrists 
are invited to attend. 

This is the first meeting of the Canadian Association of Optome- 
trists in western Canada and Dr. H. C. Arnold, President of the 
Association, expects a record attendance of optometrists from all Cana- 
dian Provinces. 

Two speakers from southern California will head the educational 
program. Dr. P. L. Spencer, professor of education at the Los Angeles 
State College and director of the Claremont College Reading Conference, 
will speak on the Development of Visual Performance from Educators’ 
Point of View. In addition Dr. E. D. Fletcher, who heads the Depart- 
ment of Review for the Licensing of Motor Car Drivers in the State of 
California, will present a Review of Research of Motorist Viston as it 
Relates to Licensing of Drivers and Highway Safety. 
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TRANSMISSION OF THE VISIBLE SPECTRUM THROUGH 
THE OCULAR MEDIA OF THE BOVINE EYE* 


Donald G. Pitts? 
Division of Optometry, Indiana University 
Bloomington, Indiana 


INTRODUCTION 

There is surprisingly little data which can be used to arrive at a 
sound, scientific conclusion as to just what the ocular transmission of 
the visible spectrum really is. A search of the small amount of literature 
concerning the transmission of the visible spectrum through the ocular 
media reveals conflicting data: the percent transmission is usually de- 
scribed as either ‘‘the same as that of an equal thickness of water” or 
“‘a little more than 50 per cent of the light incident on the cornea.” 
The present study is a report on measurements of the relative trans- 
mission for bovine eyes. 

Early ocular transmission studies concentrated on the thermal 
effects of infra-red and the abiotic effects of ultraviolet radiations on 
the tissue of the eye. An excellent review, summary and bibliography 
of the effects of the infra-red and ultraviolet portions of the electro- 
magnetic spectrum and their pathological effects on the eye is given by 
Verhoff, Bell and Walker’ (1916). 

An early study on infra-red transmission was made by Aschkinass* 
(1895) in which he used a thermopile to determine the absorption 
spectra of the cornea, lens, aqueous and vitreous of ox eyes. His work 
did not extend below 670 my but represents one of the first attempts at 
a qualitative study and gave far reaching conclusions. Aschkinass con- 
sistently obtained values of lens transmission above 100%. This he 
attributed to the crystalline lens being pressed between two glass plates 
thereby eliminating the “concentrating effect of the lens.’’ He corrected 
for this with a calculation which contained ‘‘a certain arbitrariness’ in 
method. He repeated his work on the human eye stating the human and 
ox results are in agreement and that the absorption of the eye is the same 
as that of an equal thickness of water. 

Hartridge and Hill® (1917) used wavelengths from 750 my to 
2300 mp» and compared the absorption values experimentally obtained 


*Read before the annual meeting of the American Academy of Optometry, Boston 
Massachusetts. December 14, 1958. For publication in the June, 1959, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

+Military optometrist. Captain. United States Air Force. Fellow, American Academy 
of Optometry 
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from the cornea, aqueous, lens and vitreous to those of an equal thick- 
ness of water. They then derived an absorption ratio for each of the eye 
components to water, and calculated the absorption by multiplying this 
ratio by the thickness of the structure and by the percentage of water 
contained by the structure. They report that ‘‘no considerable difference 
exists between the absorption bands of the eye media and those of 
water,’ which agrees with the previous work of Aschkinass. 

Martin* (1912) reported a study on the visible spectrum incidental 
to a study of the effects of ultraviolet on rabbit eyes. His source was a 
carbon arc crater and he took separate spectrophotographs through the 
cornea, lens and vitreous. He stated that all media were found to be 
“uniformly permeable” to the wavelengths between 390 mp and 660 mx. 

Ludvigh and McCarthy® (1938) report that Roggenbau and 
Wetthauer studied the effects of infra-red on cattle eyes and they print a 
curve extending through the visible spectrum. This curve shows a little 
more than 50° transmission in the visible region and is the first visible 
spectrum transmission curve encountered in the literature (see Fig. 2). 

The only study of visible spectrum transmission using all human 
eyes was made by Ludvigh and McCarthy.* They reported on four 
human eyes, ages ranging from 59 to 66 years, which were enucleated 
for sarcoma of the choroid but which had apparently normal ocular 
media. Their results show an average transmission of 53.1% through- 
out the visible spectrum from 400 mp» to 800 mu. All measurements 
were completed within one hour after enucleation. 

The latest study by Weisinger. et al,® (1956) was made during 
a study of retinal damage in rabbits by thermal radiations. Their basic 
instrument was a Beckman Spectrophotometer in which a Kodak Ektron 
lead sulfide cell was substituted for the phototubes. Transmission data 
for nine rabbit eyes revealed a mean per cent transmission between 390 
mp and 700 mu of 85.5%. 

APPARATUS AND PROCEDURE 


The basic instrument used in this study was a Beckman Model B 
Spectrophotometer’ which incorporates a direct current amplifier with a 
sensitivity of 5 x 10°'* ampere. A blue sensitive phototube with a 
maximum sensitivity range of 320 my» to 675 my» was used to cover 
the visible spectrum. A constant supply voltage transformer was used 
in taking all data. The narrowest monochromator slit possible, but no 
less than 0.10 mm. was used. The wavelength scale was calibrated to 
0.50 millimicrons accuracy and a 0.50% accuracy in measuring the 
differences between the transmittances of two substances is claimed by 
the manufacturer. 
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Two eyeholders were constructed to fit into the sample compart- 
ment and were attached to the sample carriage. In one the posterior pole 
of the eye was directed toward the incident light and in the second the 
cornea was directed toward the incident light. The eyes were mounted 
in a horizontal position, i.e., the antero-posterior axis horizontal. Stain- 
less steel was used in the construction of these eyeholders and they were 
painted with flat black paint to reduce stray light. Each eyeholder could 
be moved vertically, horizontally or longitudinally to obtain proper 
specimen alignment between the phototube and the source. On the 
back of the eyeholder was a glass plate, | mm. thick with an index of 
1.5179 for sodium light, against which the back of the trephined eye 
rested. This gave the vitreous a flat optical surface. The sample carriage 
allows one to align alternately the unknown sample and a comparison 
standard before the incident beam. The relative transmission in per- 
centage was read directly from the instrument. 

The phototube backplate was easily removed to align the eye sample 
so the beam light passes through the center of the pupil and scleral 
opening. An opal plastic plate, with the phototube area and the area of 
the open beam etched on it, could be inserted into the instrument as a 
viewing screen in place of the phototube. With the screen in place, the 
image from the eye was aligned in the same place as the open beam 
area on the phototube for each eye tested. A 2 mm. aperture was located 
where the light beam enters the sample compartment. A cosine light 
diffuser was inserted in front of the phototube to eliminate its directional 
sensitivity. This diffuser was fixed and all readings were taken 
through it. 

The bovine eyes used in all phases of this experiment were obtained 
from a slaughter house* located ten to fifteen minutes from the campus. 
The eyes were obtained within ten minutes after death. Six eyes were 
obtained on each visit to the packing house. Each eye was washed im- 
mediately with a 0.9% normal saline solution, carefully placed in a 
moist glass container, and covered with a saline moistened cloth for the 
trip back to the University laboratory. This procedure consumed 
approximately twenty-five minutes. 

In the laboratory the eyes were inspected for pathology and pos- 
sible corneal abrasions with four abrasion and pathology free eyes 
being selected for specimens each time. All muscle and fatty tissues were 
removed from the globe and a 1!4 cm. square surgical opening was 
made through the posterior sclera in the approximate position of the 


*Bloomington Packing Company. Bloomington, Indiana, graciously supplied the 
bovine eyes 
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macula. The eye was then placed in the eyeholder with the edges of the 
scleral opening and extruding vitreous pressing against the glass plate. 

Mechanical and visual alignment of the eye was made with the 
monochromator set at a wavelength of 500 my». Transmission readings 
were taken at 10 my steps starting at 370 my» and proceeding to 700 
my. The dark current was checked for zero position before each reading 
was taken. Upon completion of the series of measurments a recheck 
was made at 550 my, 500 my» and 450 my. These rechecks were always 
within 1!4 % of the original measurements and most of the time less 
than 0.50% variation was found. Measurements on the four eyes were 
completed in less than two and one-half hours. 

The temperature of the air-conditioned laboratory was maintained 
at 72° F. with humidity at approximately 35%. At 50 my intervals 
the cornea was bathed with saline solution to prevent possible dehydra- 


TABLE 1 
Transmission in Percent with Light Incident on Cornea 
Wavelength Transmission Raw Data—— Mean Corrected 
in 
my T, Te T, Tm Tee 
370 9 7 11 9.0 9.8 
380 22 18 22 20.6 22.5 
390 37 34 35 35.3 38.1 
400 49 46 48 47.6 50.8 
410 55 53 51 53.0 56.0 
420 58 56 59 57.6 60.9 
430 64 60 64 62.6 65.6 
440 66 64 67 65.6 68.6 
450 70 67 69 68.6 71.8 
460 71 69 72 70.6 73.8 
470 73 71 74 72.6 75.9 
480 75 73 76 74.6 77.2 
490 76 74 77 75.6 a 
500 77 76 79 77.3 79.2 
510 79 77 80 78.6 80.5 
520 8! 78.5 81 80.0 81.9 
530 81 80 81.5 80.6 82.5 
540 82 81 82 81.6 83.6 
550 83 81 83 82.3 84.3 
560 84 82 83 83.0 85.0 
570 84.5 82 83.5 83.3 85.3 
520 84.5 83 84 83.3 85.3 
590 R5 R3 84.5 84.0 86.1 
600 R5 83 85 84.3 87.7 
610 86 83 85 84.6 88.5 
620 86 84 85 85.0 88.9 
630 86 84 85 85.0 89.4 
640 86 84 85.5 85.0 89.8 
650 86 84 85 85.0 89.8 
660 86 84.5 . 85 85.0 89.9 
670 86 85 86 85.6 90.5 
680 87 86 86 86.3 91.2 
690 86 84 86 85.3 90.2 
700 85 84 84 84.3 89.1 
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tion. An assistant aided in recording and keeping the unused eyes moist 
with the saline solution. 
RESULTS 

Table 1 shows the transmission of three eyes with light incident 
upon the cornea. Table 2 shows the transmission of three other eyes 
with the light incident on the vitreous. In both Tables | and 2 the 
raw data (T,, Ts, etc.), mean raw data (T,,) and the corrected mean 
data (T,.) are listed in their respective columns opposite the appropriate 
wavelength in millimicrons. All graphs are plotted from the mean cor- 
rected data (T,..) with the wavelength in millimicrons as the abscissas 
and the relative transmission in per cent as the ordinates. Figure | gives 
the curves plotted from the data in Table | and Table 2. Figure 2 illus- 
trates the curves plotted to compare the results of this study with the 
results obtained by three other authors. 

TABLE 2 


Transmission in Percent with Light Incident on the Posterior of the Eye 
Wavelength Transmission Raw Data——— Mean Corrected 


im & 
DN ew 


2 
4 
4 
5 
5 


600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 


i 
- 
a 
in 
370 16 14.0 15.3 : 
380 32 26.3 28.7 2 
390 46 43.6 47.1 be 
400 54 51.0 545 
410 56 55.6 58.8 
420 9 60 60 59.6 63.0 ‘ 
430 63 63 65 63.6 67.2 
440 65 66 67 66.0 69.0 
450 67 69 70 68.6 71.8 é 
4 460 72 72 73 72.3 75.6 nt 
470 74 74 75 74.3 77.7 
480 76 75 76 75.6 78.3 
490 78 76 78 79.2 
mn 500 79 78 79 78.6 80.5 eh” 
‘ 510 80 79 81 80.0 82.0 ee 
520 81 80 82 81.0 83.0 
530 82 80 82 81.6 83.6 E 
540 82 81 83 82.0 84.0 
550 83 82 83 82.6 84.6 - 
560 83 83.0 85.0 
570 84 82 84 83.3 85.3 . 
580 84 83 84 83.6 85.6 A. 
590 84 85 84.3 86.4 
8&4 &4 85 84.3 87.7 
84.5 84 85 84.5 88.4 ; 
85 85 85 85.0 88.9 
85 85 85 85.0 89.4 
85 85 85 85.0 89.9 
85 85 86 85.3 90.2 7 
86 86 86 86.0 90.9 
86 86 86 86.0 90.9 
85 86 87 85 89.8 
85 86 86 85.6 90.5 
85 86 87 85.0 89.8 ee 
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The curves for losses due to reflection (I,) from air to glass and 
from glass to vitreous for all wavelengths of the spectrum were calcu- 
lated and plotted by use of the formula,* 

l, (n, — n,)? 


(n, + n,)? 
For ordinary glass the ad is virtually the same for the whole visible 
spectrum.” The loss of light by reflection at the air to glass surface for 
any spectral wavelength was found equal to 4.2% + 0.1%. The loss 
of light at the vitreous to glass surface for any spectral wavelength was 
found equal to 0.4% + 0.1%. Therefore, the total loss due to reflec- 
tion of the light in passing through the glass plate is 4.6% + 0.1%. 
This loss would be the same whether the light were incident from the 
posterior of the eye or from the cornea. The per cent loss of 4.6% was 
used as a correction factor in arriving at the total transmission percentage. 
To obtain the total transmission a proportional relationship was 
used. The correction factor of 4.6% was added to the transmission 
data of the glass plate: T, + 4.6% T... where T,, is the corrected 
transmission of the glass plate. T,. was then used as the 100% source. 
The total corrected transmission (T...) of each of the eyes was then 
Tw x 100 
calculated by use of the formula, T,, —_————. where T,, is the 


experimental mean transmission. The calculation figures for each wave- 
length are shown in Table | and Table 2 under column T... 

No corrective factors were necessary for the diffuser because it was 
placed before the phototube while both the standard (air) and the eye 
measurements were taken. 

DISCUSSION 

In perfecting a technique, the instrument would give seemingly 
satisfactory readings for all wavelengths for an eye and then would 
suddenly show a marked change of as much as 15% on the next eye. 
A re-evaluation of the technique and the apparatus revealed that incon- 
sistent alignment of the transmitted beam on the phototube resulted in 
a change in readings because of the directional sensitivity of the photo- 
tube. The alignment procedure outlined in the previous section and the 
use of an opal diffuser mounted in front of the phototube eliminated 
this problem. 

A total of 28 bovine eyes were used during numerous experimental 
sessions; however, 17 were required to perfect the technique and are not 
reported. Good experimental data for five eyes, taken without the 
diffuser, after the alignment technique was perfected. are not included in 
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this report. The decimals in the measurements were dropped if under 
0.5% and, if above, they are recorded as 0.5%. A check for leakage 
of room light into the sample and phototube compartments indicated 
they were light proof. 

The scleral opening of the eyes undoubtedly reduced the intraocular 
tension but with no apparent harm to the results. The scleral opening 
and the vitreous were in contact with the glass plate during the entire 
measurement procedure and provided an excellent seal for the intraocular 
fluids. The eyeholder applied enough pressure to the eye to maintain 4 
normal corneal curvature; hence, the lens was probably kept in its nor- 
mal position. Placido’s disc revealed no wrinkles on the cornea. The 
cornea was moistened with an eye dropper at 50 my steps to prevent 
dehydration. 


++++ POSTERIOR INCIDENCE 
— CORNEAL 


TRANSMISSION % 


A. 
Fig. | 400 450 $00 $50 600 650 700 
WAVELENGTH IN My 


Figure | is a comparison of the curves in per cent transmission of 
the light with corneal incidence and posterior (vitreous) incidence. 
These curves show an 80.5% mean transmission for the bovine eye over 
the spectral range of 400 mp» to 700 my» with slowly decreasing trans 
mission from 700 to about 500 my» and a more rapidly decreasing trans 
mission below 500 mu. Transmission for the bovine eye is about 9.8% 
at 370 mp» and about 91.2% at 680 mu. A slight difference between 
these curves is noted between 370 my and 550 mp. The obliquity of 
the incident light upon the curved corneal surface vs. the normal posterior 
incidence would be expected to give a slight difference. More important, 
the two curves were obtained on successive days with different eyes. 
therefore, the differences are undoubtedly insignificant. 

Boynton, Enoch and Bush’ reported a method of correcting for 
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post-mortem transmission losses in excised eyes. Correction for post- 
mortem changes in this study has not been made since their data indicates 
an error of less than 5.0% could be expected at two hours. Post-mortem 
changes decrease ocular transmission, hence a correction for this would 
result in a small increase in the relative transmission in this study. Age 
is also reported to be an important factor in the transmission of radiant 
energy through the human ocular media.'' This factor could be expected 
to be found in other species as well. The slaughter house indicated the 
eyes used in this study were from young healthy cattle. 

In comparing the curve from the study by Ludvigh and McCarthy 
to that obtained by Wiesinger, et al, and that obtained in this study ( Fig. 
2) one must look for an explanation for the differences. Species could 


100 
# 
z 
ROOGENBAU & WETTHAUER (0X) 
= LUDVIGH & MoCARTHY (HUMAN) 
4 WIESINGER,ET AL, (RABBIT) 
— PITTS (BOVINE) 
i iL i i i. 
400 450 500 $50 600 650 700 
Fig. 2. WAVELENGTH IN MJ 


be one difference but it is felt a 22% transmission difference could not 
be explained by species differences alone. Comments by LeGrand'* 
relative to the data of Ludvigh and McCarthy are so ably expressed 
that I quote, ‘“This low transmission of the ocular media seems sur- 
prising, and since no biological reason can be advanced to justify it, it 
seems that nature must find it impossible to produce materials of higher 
transparency.’ LeGrand continues, ““The true absorption of such an 
amount in a young subject seems questionable.” From the data of 
Wiesinger, et al, and this study it appears that nature does produce 
materials capable of high transparency for the eye. Why, then, would 
nature be so selective to produce a lower transparency for the human 
eye? 

The experimental apparatus, procedure and controls of Ludvigh 
and McCarthy appear to be well designed and executed. The correction 
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in changing the lens age of 59-66 years to 21.5 years to arrive at a final 
transmission per cent appears in itself to be questionable, but even more 
disconcerting is the fact that their raw data must have shown even less 
transmission. Age factors between the 21.5 year human eyes and com- 
paratively young animal eyes may present more differences than is 
expected. It should be emphasized that this speculation is an attempt to 
reconcile data differences and the true cause of such low transmission is 
not understood. 

In reference to the transmission of the human eye, Duke-Elder'! 
states, ‘the media of the eye vary in transmissibility, not only between 
species, but between individuals of the same species.’’ Shoji'* reports 
the absorption of the cornea and lens varies somewhat in different 
animals but that the aqueous and vitreous show less species difference. 
Graham" reports that, although her data are not definite enough to be 
conclusive, the absorption does not differ radically in animal and human 
eyes. Boynton, Enoch and Bush'” concluded that they had not demon- 
strated any difference in their data for the steer, cat and human eyes. 

The comparison of the curve obtained by Wiesinger, et al, and the 
curves of this study (Fig. 2) reveals a substantial agreement in relative 
transmission; however, there is some difference between the curves. 
Since the rabbit eye is approximately one-half to one-third the size of 
a bovine eye, the transmission would be expected to be a little greater 
through the rabbit eye. From the study of the literature it would seem 
that an inference to human eyes can be made with some assurance of 
validity: however, definite transmission factors for the human eye 
cannot be established without proper experimental data. With the same 
manner of reasoning as used in comparison of the rabbit data with the 
bovine data, the human eye could be expected to lie somewhere between 
the bovine and rabbit eyes, or, at approximately 80 to 85%. 

From this study it may be concluded that the transmission of the 
eye at the red end of the visible spectrum is quite like that of an equal 
thickness of water and the transmission progressively decreases through 
the visible spectrum until, at 370 mg, it is approximately 10%. 
SUMMARY AND CONCLUSIONS 

A method is presented for measuring the relative transmission of 
the visible spectrum through enucleated eyes. With this method the mean 
relative transmission obtained through bovine eyes from 400 my to 
700 mp was found to be 80.5%: it was 90% at 700 my and decreased 
to 9.8% at 370 mp. Post-mortem changes may have produced a maxi- 
mum possible error of 5.0%. 

The human eye transmission, including losses by reflection, over 
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the same wavelength range, is estimated to be approximately 80% 
to 85%. 


A discussion and an attempted resolution of the conflicting data 


for various authors is made. 
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Conference on Aging by Mr. Arthur S. Flemming, Secretary of the 
U. S. Department of Health, Education and Welfare. The first meeting 
of the Committee was June 9 and 10. 
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THE EFFECT OF AGE ON THE ACA RATIO* 


Glenn A. Fry+ 
School of Optometry, The Ohio State University 
Columbus, Ohio 


In a paper presented at the 1940 annual meeting of the American 
Optometric Association! the following hypothesis was formulated con- 
cerning the relationship between the neural mechanisms subserving 
accommodation and accommodative convergence. 

The different pathways to the ciliary muscle can be traced back with considerable 
certainty to the Edinger-Westphal nucleus. It must be assumed that this nucleus is 
connected with the cortex by a set of cortico bulbar fibers and if it could also be 


assumed that these fibers give off collaterals to the centers in the brain stem regulating 
convergence this would account for the convergence associated with accommodation. 


It was also further stated: 

As age increases the resilience of the crystalline lens decreases and if the inner- 
vations to accommodation and accommodative convergence remain relatively constant 
for the various ages, the increased effort at accommodation at the near point should 
result in a trend toward esophoria 


However, attention was called to the finding of Eames* that exo- 
phoria at near increases with age. This was taken as an indication that 
the innervations to accommodation and accommodative convergence do 
not maintain a fixed ratio at all ages. 

Somewhat later the writer*® suggested that this kind of data might 
also be used as evidence for the Hess theory that no more innervation is 
required to produce a given change in accommodation at one age level 
than at another. The corollary of this is that as age increases and the 
amplitude drops there is also an increase in excess contraction of the 
ciliary muscle over and above that required to bring accommodation to 
its maximal level. 

Since then the studies of Fincham* and Van Hoven'*:* have con- 
clusively demonstrated at least in certain subjects that no excess contrac- 
tion exists, and hence the writer decided to take a closer look at the data 
bearing on the relation of the ACA ratio to age. 

The author has participated in several experiments over the past 
twenty years in which controlled measurements were made of the rela- 
tion between his accommodation and convergence. Four different graphs 
of this relation at different ages can be found in the literature.® 7 **"4¢° 
A study of these graphs shows the gradual collapse of the zone of clear 
single vision and most important of all it gives a clear picture of the 
change in the ACA ratio with age. 

*Submitted on February 12, 1959, for publication in the June, 1959, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 


OF OPTOMETRY 
+Optometrist. Ph.D., Director of School. Fellow, American Academy of Optometry. 
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EFFECT Or AGE ON ACA RATIO—FRY 


The 1938 paper did not include the phoria data which were made 
in connection with the study. The ACA ratio computed from these 
unpublished data is 3.33° per diopter. 

The ACA ratios at the different ages have been plotted in Figure 1. 
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Fig. 1. The variation of the ACA ratio with age. 


The change in the ACA ratio with age can be accounted for by 
assuming that a maximal contraction of the ciliary muscle is required 
to produce a maximal accommodation at any age and that each fraction 
of the amplitude of accommodation corresponds to an equal fraction 
of the total response of the ciliary muscle. This means that the ACA 
ratio must be inversely proportional to the amplitude of accommoda- 
tion. Duane's data'® for amplitudes at different ages can be used to 
demonstrate this idea, but it is necessary to correct these data to make 
allowance for the depth of focus of the eye. Hamasaki, Ong and Marg"! 
have shown that when the amplitude of accommodation is measured 
with the punctometer, it is found to be zero at the age of about 54. It 
is necessary therefore to substract one diopter from Duane’s measurements 
of amplitude to make an allowance for depth of focus. The curve used 
to fit the data in Figure | conforms to the following equation 


1.8 
ACA ratio = - 


amp — 1.00 

where amp represents Duane’s value for the amplitude at a given age and 
the constant 1.8 applies to the subject whose data are being plotted. 
Unfortunately the author's amplitude was not accurately measured at 
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the time of the first two studies, but it was 5.5 D. at the age of 43 and 
0.75 D. at the age of 50. The deviation of the ACA ratio at the age of 
29 from the theoretical curve is probably within the range of variation 
of the ACA ratio from hour to hour. Obviously this experiment wiil 
have to be repeated with other subjects. 

It may be concluded that the changes in the author's ACA ratio 
with age conform to the simple hypotheis proposed in 1940. ‘There 
are three propositions that need to be considered. 

1. The upper limit of accommodation is set by the limit of the 
ciliary muscle to contract and not by the ability of the lens to respond 
.o such changes. 

2. The lens becomes less pliable with age and a stronger contrac- 
tion of the ciliary muscle is required to produce a given change in accom 
modation. 

3. There is a fixed linkage between the neural mechanisms sub- 
serving accommodation and convergence such that at submaximal levels 
of accommodation there is a fixed change in the innervation to accom 
modative convergence associated with each change in the innervation to 
accommodation. 

The first proposition can be proved by other types of experiments.‘ 
If we also assume that the third proposition is true, then we can deduce 
the second from the data in Figure 1. 

Most of the previous studies have failed to show the rapid increase 
in the ACA ratio between the ages of 40 and 50 which must occur in 
every individual. 

Davis and Jobe'? using orthorater data were the most successful. 
They did show a rise in the ACA ratio between the ages of 35 and 45, 
but found a subsequent drop. None of their subjects wore a correction 
for presbyopia and the older subjects being unable to focus clearly on 
the ‘‘near’’ target probably made less effort to focus than younger 
subjects. 

Morgan and Peters'* compared presbyopes (45 years and older) 
with prepresbyopes and failed to find a difference in the average ACA 
ratios. They used a method of measuring the phorias which did not 
permit a determination of the discrepancy between the stimulus to ac 
commodation and the acccommodative response. According to the 
writer's data and those of Davis and Jobe the choice of the age of 45 
for dividing the two groups was not at all fortunate and dividing all 


ages into two groups proved also to be a bad choice. Morgan and Peters 


concluded from their results that what is needed is a controlled haplo 
scopic experiment on subjects between the ages of 40 and 50. This is 
also born out by the writer's data. 
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Alpern and Hirsch'* found a gradual decrease in the ACA ratio 
with age. Their subjects were grouped into five-year intervals. It is not 
known at what distance the near tests were made nor is it known whether 
any allowance was made for near point adds in computing the ACA 
ratio in the case of older subjects. Certainly no allowance was made 
for the discrepancy between the stimulus to accommodation and the 
actual response. 

Eames* and Tait'® have made similar studies. Each divided his 
subjects into the following groups: 0-19, 20-30, 40-59, 60 and over. 
Eames expressed his data in terms of phoria at distance and at near. The 
near distance is not specified nor is it specified whether the subjects wore 
their spectacles. The near phoria shifted toward exophoria with age while 
the distance phoria showed little or no shift. The age groupings prevent 
us from learning anything about the variations in the critical range 
from 35 to 50. 

Tait used clinical tests to measure phorias at 20 feet and 13 inches, 
and computed the accommodative convergence (prism diopters) in 
accordance with the following formula: 

Acc Con. Phoriapje — Phoriayege + 184. 
An exophoria is positive and an esophoria is negative. 

He determined median values for his four age groups and found 
this to decrease with age. The subjects wore their distance corrections 
for the distance phorias and their near corrections for the near phorias 
so that 3 diopters of accommodation was not required in the near tests 
for the older subjects. It is not possible therefore to make an assessment 
of the ACA ratio for the age groups from 40-59 or the group of sub- 
jects over 60. 

Since the amplitude drops to about one diopter at the age of 50 
and since the depth of focus is at least this great it has no meaning what- 
ever to use clinical tests to evaluate the effect of age on the ACA ratio 
beyond the age of 50. 

It should be possible to make reasonable assessments of the ACA 
ratio from clinical data obtained for ages below 40 provided phorias are 
measured at various levels of accommodation extending from zero to 
the highest levels. It would be interesting to compare these data with 
measurements made on a haploscope which can determine the amount of 
accommodation actually in play. It would be especially helpful to have 
a study of this type for the age range from 20 to 40. Below 20 growth, 
maturation and the development of various visual skills might present 
special problems. 

Fincham* has shown that the slope of the convergence accommo- 
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dation curve decreases with age, but Balsam and Fry® have shown that 
the relation of the curve to the zone of clear single vision is such that its 
slope would have to decrease with age even if the ACA ratio remained 
unchanged. Hence the effect of age on the convergence accommodation 
curve does not in itself prove as Fincham claimed that the amount of 
ciliary force required to produce a given change in accommodation 
increases with age. 


The convergence accommodation curve involves a combination of 


fusional and accommodative convergence, whereas the phoria line gives 
the pure relation between accommodation and accommodative con- 


vergence. 


The finding that the slope of the phoria line decreases with age 


especially in the age range from 35 to 50, does prove that the ciliary force 
required for a given amount of accommodation increases with age. Thus 
the author has reached exactly the same conclusion as Fincham, but 
by a different approach. 


Nm 
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ANALOGS AND MODELS OF THE HUMAN VISUAL SYSTEM* 


Leon D. Harmon 5 
Bell Telephone Laboratories, Incorporated 
Murray Hill, New Jersey 


INTRODUCTION 

Man's attempts to understand himself or to make models of his 
functions are by no means new. Concepts of automata such as the 
legendary Golem, the half man-half robot of the 16th century, or the 
18th century speaking machine of von Kempelen' indicate that analogs 
of human behavior are very old. This artificial-voice mechanism actual- 
ly existed: constructed of bellows, reeds and adjustable resonant 
enclosures, it was able to produce strikingly realistic speech. This was in 
1791. 

It has been only within a relatively few decades that our rapid 
theoretical and technological advances have provided the basis on which 
to start building adequate models of the intricate mechanism that is 
man. Chemistry, physics and optics had to wait for concepts supplied 
by cybernetics, neuroanatomy and psychology. Our present accomplish- 
ments, though many and large, have only sketched in a few faint out- 
lines. A complete understanding of man will undoubtedly depend on 
many principles and an enormous number of facts yet to be disclosed. 
This paper briefly surveys some of the representative problems and recent 
accomplishments in understanding and modeling vision. 

The visual system of the human organism accounts for over 90% 
of all the information input to the brain. The !30 million or so recep- 
tors in each eye are channeled into about a million optic nerve fibers 
while the auditory nerve has only about 30 thousand. The other sense 
modalities, such as touch, pain, equilibrium, taste, smell and tempera- 
ture account for only a few per cent of all nervous pathways feeding | 


the brain. 

The problems of understanding the form and function of the 
visual system are myriad. They range from the front surface of the 
cornea to the ultimate projection areas in the occipital lobes of the 
cerebral cortex | 

We must understand essentially three transformations. The first 
one involves the projections of rays of approximately one octave of 
*Read before the annual meeting of the American Academy of Optometry. Boston 


Massachusetts. December 14. 1958. For publication in the June. 1959, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 


OF OPTOMETRY 
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electromagnetic radiation from the environment onto the retinal surface. 
This is principally the domain of optics, but the time-varying properties 
of the eye must also be included in an adequate description. The refrac- 
tion parameters and their aberrations are difficult enough to describe; 
in addition the several motions of the eye and its parts profoundly 
modify the projected retinal image. Thus we must understand the 
dynamic lenticular and saccadic functions, for example, as well as the 
static physiological optics. 

The second transformation to be understood in a complete model 
of vision is the conversion of the retinal image into primitive neurologi- 
cal signals. This process is the concern of those who study photorecep- 
tion and deals mostly with photochemistry. It is at this point in the 
visual process that the temporal sequences of illumination are converted 
into chemical changes, electrical currents, and even some physical motion 
(since pigment migrates under strong illumination). Here also an 
understanding of the eye movements is essential, for it is now well 
known that normal vision disappears if the retinal image is artificially 
held stationary.” 

The third transformation is, at our present level of knowledge, the 
least understood. It has to do with changes of the photoreceptor electrical 
potentials into the ultimate signals which are found in the optic nerve. 
The complex, cross-connected ganglionic structures which connect the 
photoreceptors to the optic nerve fibers apparently have properties of 
summation, facilitation, inhibition and even feedback from the brain. : 
All these modify the ultimate representation of the retinal image in the ; 
cortex. It is within this neural structure of the retina that the 130 / 
million photoreceptors appear to branch down to only about one million 

optic nerve fibers, a reduction of over 100 to 1. 
At this point, let us arbitrarily locate the termination of the human ia 
visual system at the end of the optic nerve, that is, just at the brain. . 
It is then analogous to an input system serving a data processing com 
puter, and this ensuing computer—the brain—can be considered as e. 
connected to several such inputs, and similarly to a variety of outputs. | 
The input system transformations just discussed, visual field to 
retinal image to photochemical potentials to optic nerve signals, are not 
well understood. This multiple encoding of the objective visual world 
has resulted in a welter of frequency-modulated pulses traveling along a 
million channels. What then happens to these signals, how the cerebral 
computer processes this stream of data, is even more obscure 
A very convincing example of the strange and wonderful mechan- 
“if isms involved here is found in Sperry's* experiments with amphibia. He 
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found that if the optic nerve of a frog, for example, is severed and al- 
lowed to grow back together, the animal afterwards behaves as if it sees 
quite normally. Now in another experiment if the eye is surgically 
rotated 180° and the optic nerve is cut and allowed to regrow, the frog 
acts as if his visual world had been inverted. Careful examination of 
the healed optic nerve shows a tangled mass of fibers which very clearly 
have not grown back in correspondence with the original connections. 
All the nerve lines are now randomly cross-connected. 

The incredible situation is that in both cases the brain knows the 
orientation of the eye and can interpret information sent back from that 
organ even though all the connecting lines have been switched around. 
It is as though a blind lunatic had rewired a telephone central office and 
yet all calls still got dialed through correctly. Somehow the visual 
areas of the brain must have been able to reorganize themselves to accom- 
modate for these profound changes in input information. 

Models of visual function can be derived from two completely 
different approaches. Along one avenue is the attempt to describe and 
understand the biological system in the small, and in its entirety. Here 
one seeks knowledge of nature's building blocks—the optical structures, 
the photoreceptors and the neural elements—and explores their inter- 
related functions. However, there is another avenue, one which is not 
necessarily concerned with nature's building blocks but seeks only func- 
tional equivalence in the large. With this (synthetic) approach, one 
tries to achieve similar over-all system behavior by using any elements 
and techniques which come to hand. 

Each of these courses is important although admittedly only the 
former will eventually describe nature accurately. While the latter 
approach is primarily concerned with finding efficient ways of achieving 
functions grossly similar to those in nature, some of the principles which 
are involved may well shed light on problems in the biological domain. 
This point will be amplified later. Hopefully the understanding created 
by both lines of endeavor will lead to economical descriptions of systems 
which provide useful, efficient information processing. 

There have been a considerable number of analyses and models of 
parts of the human visual apparatus and a few which for limited func- 
tions, extend over the entire system. A small number of functional 
analogs have also been created. These are mathematical models and 
real machines which may seem anthropomorphic in their behavior but 
which have no necessary internal relationships to nature. 

Let us first consider some of the analytical models, those derived 
from nature. 
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ANALYSES AND MODELS 

Perhaps one of the most extensive treatments of the visual system 
from a mathematical standpoint was given by Schade* in 1956. Start- 
ing with physiological and psychophysical data he was able to draw 
together in a single comprehensive model the various relationships of 
luminance, spectral response, storage time constants, rod and cone func- 
tion, contrast sensitivity, and noise perception. 

This model, purely hypothetical and often ad hoc, starts from the 
lens, proceeds through the photoreceptors and cell structure of the retina 
and continues through the optic nerve. For example, there are compu- 
tations for the primary transfer function of the retinal illumination to 
receptor output, and calculations are made for such parameters as the rela- 
tive gain characteristics of rods and cones. These computations are in 
reasonably good agreement with values derived from measurements made 
on human observers. 

This sort of model, by codifying and quantifying some of the intri- 
cate relationships found in the human visual system can be very valuable 
in bringing simplification and understanding. Often, however, such 
purely mathematical constructs are barren. They might well be extended 
by a computer simulation or by actual construction. Unless such a rela- 
tively complete abstraction is checked out thoroughly in the real world, 
it may be no more than brilliant but arid intellectual exercise. 

Representative of the mathematical treatment of portions of the 
visual equipment is Stark and Sherman's study® of the pupillary reflex 
arc as a servo-mechanism. In these experiments the rate of change of the 
diameter of one pupil is measured when light is suddenly applied to the 
other. Other measurements are made when the intensity of illumination 
is slowly varied in a controlled manner. Data from these experiments 
are analyzed and fitted into relationships where the retina-brain-pupil 
loop is shown to behave very much like some of our man-made feed- 
back servosystems. 

These and similar studies* produce relational descriptions rather 
than functional models but they illustrate the important point that 
many complex biological mechanisms may be adequately described in 
fairly simple terms. This descriptive clarification is often helpful in 
achieving more fundamental understanding. 

The phenomenon of flicker-fusion has received extensive study: 
a 130-page bibliography was published by Landis? in 1953 and consider- 
able work has been done since. This deceptively simple subjective effect 
is that if a light source of any arbitrary intensity is repetitively turned on 
and off, there is always some rate above which it appears to be steadily on, 
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that is, flicker changes to fusion. This effect depends on many variables 
besides intensity and rate; among them are color, retinal area, back- 
ground and ambient illumination, light-to-dark ratio and subject fatigue. 

Intensive studies of photoreception at the molecular level have 
been made by Wolken* and others, the object being to investigate the 
micro-structures of receptors, correlating them with physiological func- 
tions. Inferred models of biochemical processes have been experimentally 
verified and used to probe deeper into the mechanisms of light-energy to 
chemical-energy conversion 

One of the most interesting aspects of the visual mechanism is 
found in the interconnected retinal neuron structure. It is here that 
differential responses to simple stimuli occur. Hartline, Ratliff® ?° and 
their collaborators have described the unique ‘‘on’’ and “‘off’’ receptor 
cell responses where some retinal elements respond only when excitation 
is increased and others respond only for decreasing illumination. They 
have also shown how simple mutual inhibition of cells in a retinal array 
can account for enhanced perception of edges in the visual field. Other 
studies'' have detailed the organization of local receptor fields; appar- 
ently, the retina is divided into many separately organized clusters of 
cells, each of which has one of several unique responses to stimulation 

These findings strongly suggest that some of the structures lying 
between photoreceptors and optic nerve have very useful information 
processing functions. Perhaps some simple pattern recognition occurs 
here: possibly some of the subjective flicker-fusion decisions are made 
at this level. Such considerations have led me to attempt some model 
making. This has been more analog simulation than direct physiologi- 
cal modeling. A brief description of the work will serve as a preface 
to a discussion of the second class of models, the purely synthetic, func- 
tional analogs. 

This work began with the creation of an electronic analog of a 
nerve cell, a model neuron. Simulation of neurons in itself is not novel: 
in the past, this has been done chemically.'? electrically.'* and by digital 
computer programming.'* The present model,'® being electronic, is ver 
satile and flexible. It has built into it most of the basic properties of 
neurons, as well as we know them—spatial and temporal summation, 
inhibition, variable refractory period, and all-or-none output. 

By providing photocells at the inputs to these circuits, and by very 
simple interconnections between cells, it is easy to obtain sequences of 
output pulses which have certain functional relationshins to the incident 
light. Some cells produce pulses only when the light is increasing, some 
fire only for decreasing illumination: others put signals out only during 
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constant illumination and not otherwise. Here then are artificial ‘‘on,” 
“‘off,”’ and “‘during’’ receptors. 

Similarly, it is not difficult to arrange such cells in an array to dem 
onstrate, by mutual inhibition of neighboring elements, sharpening 
of image boundaries. Flicker-fusion phenomena can also Le arranged 
such that the output of a model neuron will change abruptly if an 
intermittent light of constant intensity increases its flicker rate past a 
certain value. This critical rate increases with increasing intensity, up 
to a limit. Such performance is a primitive simulation of cri ical flicker 
fusion. 

The behavior of these models is not unexpected since the circuits 
were built with all the basic parameters needed for such operation. The 
apparent similarities to biological function are consequently anticipated 
It is hoped, however, that by arranging for more complex behavior 
other, perhaps unexpected, functions will te found. If these new prop 
erties are similar to those found in nature, then our modeling has been 
accurate and extendable. In this event, one may find that the artificial 
model furthers understanding of the biological original 
FUNCTIONAL ANALOGS 

Pattern recognition research has produced many systems having 
behavior which resembles that of the living visual apparatus. However 
outside of occasional rather crude functional similarities, there is little 
in common. These systems, for example, are the printed-character read 
ers, line-drawing recognition machines, and various tracking and navi 
gation devices. They are functional analogs of the human visual system 
in so far as they process visval information so that ultimate responses 
resemble those which a human observer might make 

The character reading machines are typified by such commercial 
devices as those made by the Intelligent Machines Research Corpora 
tion.'® These readers scan a line of print with photoelectric 2nd mechani 
cal equipment and the resulting electrical signals are processed in a sma!l 
special-purpose computer. Over 300 characters a second can be read 
automatically with a very low error rate. 

Such equipment works reliably only on a limited style and size 
of type. Considerable effort is being expended by many organizations 
to produce readers of a more general nature. Truly powerful systems 
will be those of the future which will be able to read machine or hand 
printed numbers and letters irrespective of size, precise style, or rota 
tion. It is this sort of general pattern recognition which is important 
because an understanding of concepts in this area may bring greater 
understanding of human information processing.'* We have, to date 
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no really powerful tools or principles with which to produce “universal” 
recognition systems: however, one or two modest devices have been put 
together. 

There are other classes of machines which are built as substitutes 
for man’s entire visual system. These are the devices for prosthetic aid 
to the blind. It is impossible, of course, to produce any but the crudest 
substitutes at this time, but some of them have been quite ingenious 
Many operate acoustically, emitting sounds which are detected after 
being reflected back from obstacles. There are also several interesting 
visual ranging devices which emit no probing signals and use only the 
ambient illumination for their input. 

One system of this type, devised by H. E. Kallman'* in 1954, 
explores image space by an optical-mechanical scanner which produces 
various audible tones corresponding to the ranges of visible targets in 
its field. This device makes use of the fact that the shallow real images 
of objects formed by a wide-aperture lens can be accurately located by a 
suitable scanning system. The image planes corresponding to objects 
at various distances can be discriminated with reasonable accuracy: this 
information, converted into audible tones, informs the user of the 
presence of obstacles and their distances. 

PROBABLE FUTURE DEVELOPMENTS 

The visual information processing machines that will probably 
be developed in the near future will make our present accomplishments 
seem quite meager by comparison. The line-drawing and character recog- 
nition systems will be improved and extended to include automatic detec- 
tion of complex outlines such as radar-scope presentations and maps. 
Readers of hand-printed letters and numbers will be evolved into devices 
for reading handwritten script. 

At some not-too-distant time the simple black-and-white line 
drawing detections will be replaced by operations which can evaluate a 
visual field having many levels of illumination. We may then be able 
to try for automatic recognition of complicated three-dimensional objects, 
for example, faces. These and other devices in conjunction with com- 
puters will be capable of processing visual data derived from the real 
world of moving objects. These systems will make decisions based on 
this information and then direct the operation of other machines. In a 
very real sense, they will be able to “see.” The crude beginnings of 
such functions may be found today in some of our missile guidance 
systems and automatic manufacturing processes. 

Our direct understanding of the human visual system is far from 
complete. At the most basic level, we still do not have a complete pic- 
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ture of the neuron; although many of its properties have been described 
in fair detail, the input-output relationships of a single cell are not fully 
known and have yet to be directly measured. Somewhat further up the 
structural scale, we need accurate models of such functions as fine-line 
acuity. It is no trivial mechanism which can detect a line, the thickness 


of whose image is only one-sixtieth the diameter of a single receptor 


cell.!* 


At the more complex levels of visual system organization there is 
the need for analyses and models to elucidate the organization of optic 
nerve signals. Here the visual world is coded into meaningful nervous 
impulses by the organism. Of course, beyond all this is the fundamental 
mystery of how these nervous impulses are processed by the brain. 

We have come a very long way from the physiology of earth, air, 
fire and water, and an equally long way from machines of wooden 
gears and ropes and pulleys. We still have far to go. 
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ANNOUNCEMENT 


ANNUAL MEETING OF THE BETTER VISION INSTITUTE 
Mr. M. J. Julian was reelected president at the annual meeting of 
the Better Vision Institute which took place on Friday, May 22, at 
the Park Lane Hotel. New York City. New directors were elected for 
two-year terms, and new finance committee members for one-year terms. 
The directors chosen were as follows: Manufacturers—Herman 
Goodman, A. Kono, Hutson Titmus, Nicholas Vitello: supply house 
representatives——Otto Batzli, William Driscoll, Norman MacLeod, Mor- 
ton J. Wolper: optometrists—Dr. Benton F. Lyman, Dr. Martin R. 
Snook, Dr. Lester L. Thomas, Dr. William G. Walton, Jr.; ophthalmic 
dispensers—Joseph L. Bacotti, Mrs. Elizabeth E. Harris. Herbert W. 
Hoskins, Bernard J. O'Donnell 
Those elected to serve on the finance committee were: Manufac- 
turers—A. K. Marsters, Hutson Titmus, Nicholas Vitello: supply 
house representatives—Roy D. Martin, L. W. Myers: optometrist— 
Dr. L. H. Sugarman: ophthalmic dispenser—C. Arley Farmer. 
President M. J. Julian announced that the membership tally now 
stands at 20 manufacturers, 130 supply houses, including seven new 
ones, 2,383 associates, and two donors. 
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A CLINICAL EXPERIMENTAL STUDY OF CORNEAL CON 
TOURS IN THE FITTING OF CONTACT LENSES* 


Harold I. Moss? 
Wilmington, Delaware 


It is apparent that the corneal periphery is playing an increasingly 
important part in the prescribing of corneal contact lenses. It seems that 
there is general agreement in the near sphericity of the corneal optical 
or regular zone and in the gradual flattening of the corneal periphery. 
It also seems that there is general agreement that the corneal periphery 
is more or less parabolic in form and not spherical. There is also general 
agreement that the diameter of the corneal optical or regular zone varies 
considerably. Most authorities are quoted as stating that this zone 
varies from 4-8 mm. 

Most optometrists are familiar with the Bier papers on the corneal 
contours and contour lens, all of which are now embodied in his text 
Contact Lens Routine and Practice. The Bier concept of the corneal 
contours which includes a ‘negative zone, described as a depressed 
annulus surrounding the optic cap, seems to have provoked the greatest 
discussion. | was told by a recent English visitor that the majority of 
English practitioners do not accept this concept. I know that there are 
quite a few American practitioners who question the existence of this 
zone. The experience of the writer bears out the Bier concept and tends 


to prove the existence of this zone. 

The experimental work done by the author was performed in such 
a manner that only clinical instrumentation was employed. Nothing 
was attempted or utilized which could not be employed by the average 


contact lens practitioner. This is a report of this clinical study. The 


purposes of the study were as follows: (1) To examine, clinically, _ 
the existence of the corneal “‘negative’’ zone. (2) To determine the : 
diameter of the corneal optic cap (regular zone). (3) To determine 


the amount of corneal peripheral flattening, and (4) To determine a 
procedure whereby these findings may be used and correlated 
The writer feels that in order to prescribe corneal lenses which 


will prove as adequate months and years from now as during the first 


few months they were prescribed, certain pre-requisites must be met 
These are (1) To provide a lens construction which will not result 


*Read before the annual meeting of the American Academy of Optometry, Contact 
Lens Section, Boston. Massachusetts, December 16, 1958. For publication in the 
June, 1959. issue of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF 
AMERICAN ACADEMY OF OPTOMETRY 

+Optometrist. Fellow, American Academy of Optometry, Diplomate. Contact Len: 

Section 


= 
- 
‘ 
313 


CORNEAL CONTOURS & CONTACT LENS FITTING—MOSS 


in a flattening or steepening of the corneal dome, and (2) To provide a 
lens construction which will not interfere with the normal lacrimal 
flow and oxygen supply. Since the above criteria are interrelated, if 
either are grossly interferred with, the patient wearing the lenses will, 
sooner or later, start to lose wearing time. This has been referred to as 
“corneal insult” and as ‘‘corneal exhaustion.” 

Chosen for this study were 10 patients, all of whom had near 
spherical corneae as measured with the BUL keratometer. ‘hese corneae 
varied from 42.50 D. to 46.37 D. All were wearing corneal lenses with 
out any objective or subjective symptoms for more than one year. All 
were capable of interchanging with spectacles without any change in 
visual acuity. All were myopic ranging from 2.50 D. to 5.25 D. All of 
these patients were originally prescribed for following the concepts of the 
Contour principle. By this is meant that there was central contact or a 
bearing surface covering about 2; of the lens diameter with peripheral 
clearance. 

Since this was a clinical study the equipment used was limited to 
clinical equipment. The following items were used: (1) A series of 
ventilated single radius lenses with a 1 mm. flatter ', mm. flange rang- 
ing in diameter from 3 to 7 mm. in !) mm. steps and conforming with 
the patient's corneal readings. (2) A series of multiple radu lenses 
ranging from 5 to 10.5 mm. (3) Fluorescein. (4) Burton Lamp. 
(5) Slit-lamp (study purposes only). (6) Suction cups. (7) Kerato- 
meter, and (8) Spindle 7 radius tools 

The procedure: The patient was placed in a prone position with 
gaze fixed on a point in the ceiling. Single radius lenses, the same radius 
as the corneas, were then placed successively on the cornea starting with 
the 3 mm. lens until that lens was reached which would, under fluorescein 
study, create a green pool under the lens. The assumption reached from 
this was, that the diameter of the lens prior to the one which created 
the fluorescein pool was substantially the same as the diameter of the 
corneal optic cap or regular zone 

The next lens chosen was |) mm. larger than the lens which clini- 
cally we determined to be the same as the corneal optic cap. Next a 
peripheral radius was placed on the lens .1 mm. flatter and .50 mm. 
wide. Then the peripheral radius was increased in depth and/or flattened 
until the fluorescein pool in the center was completely eliminated. The 
next step was to use wider and wider lenses keeping the optical zone 
diameter constant and placing on the lens, flatter and flatter edge radii, 
each previous zone remaining the same. An average of nine lenses were 
used up to 10.5 mm. in diameter in each case. The amount of peripheral 
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flattening to achieve a tangent fit varied from case to case, but each 
successive step averaged .1 mm. and about !4 to )) mm. in width. The 
writer cannot be more specific as to the flange width because in most 
instances the amount was almost impossible to measure. 

No conclusion may be arrived at on the amount of peripheral 
flattening and flange width because ten cases are not a large enough 
sample. However, these results seem to bear a definite relationship to 
the final conclusions in the recommended clinical procedure. In all cases 
the amount of peripheral flattening required was practically uniform up 
to a point when a more severe peripheral flattening was required to main- 
tain the tangent fit. The diameter of the lenses up to this point varied 
from 9.7 mm. to 10.2 mm. At this point, an increase in flattening was 
definitely required to prevent a central fluorescein pool. The amount of 
increase over and above the previous peripheral flattening averaged .1 to 
.2 mm. This resulted in my personal opinion that the negative zone, as 
described by Bier, very definitely exists and can, in fact, be clinically 
demonstrated and measured. 

The study has revealed that if we are to succeed in prescribing cor- 
neal lenses, we must, of necessity, consider the corneal variables. We 
must, as well, consider those factors which are a prerequisite to corneal 
lens prescribing and correlate them. 

In the writer's opinion, a corneal lens should not be prescribed 
if the lens causes any demonstrable change in corneal physiology. 
The cornea should not be flattened; it should not be caused to steepen; 
corneal edema should be prevented: the normal flow of lacrimal fluids 
must not be interfered with. To achieve these factors, in the majority 
of patients, it is necessary to prescribe a lens which is substantially the 
same in its central radius as the corneal apex. There must be no binding 
areas surrounding the corneal optic cap and the lens periphery musi be 
flatter than the corneal periphery. In other words a lens which tends 
to ride centrally, with no pressure at superior limbus. 

The corneal variables with which we are concerned are therefore, 
(a) the optical or regular zone, (b) the negative zone, (c) the positive 
zone, (d) the diameter of the regular zone, and (e) the visible iris 
diameter. 

If one is desirous of actually measuring the optic cap in each patient, 
the following procedure may be adopted: Have single radius lenses in 
.05 steps made up from 7.2 mm. to 8.4 mm. Each lens in 3 diameters, 
the steeper radii in 5!4, 6 and 6!4, and the flatter radii in 6, 6!4 and 7. 
At most, one additional smaller lens would be required for the very steep 
cornea. As previously described, the lens prior to the one which resulted 
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in a central fluorescein pool would clinically measure the optical dome. 

It is not necessary that those engaged in clinical practice resort to 
this procedure. We believe chat if lenses were made just the size of the 
optic cap of the cornea that they would be almost impossible to handle 
in addition to the many other problems which would be encountered 
We also believe that the larger the lens the greater the ease in handling 
and the greater the reduction in visual disturbances such as the flare 
factor. In addition, we know that the usual action of the lids are to 
pull the lens up. Taking advantage of this knowledge and prior research 
we propose three principles that should be kept in mind. These are as 


follows: (1) (a) The steeper the cornea the smaller the optic cap or 
regular zone. (b) The flatter the cornea the larger the optic cap or regu- 
lar zone. (2) (a) The steeper the cornea the smaller the visible iris 


diameter. (b) The flatter the cornea the larger the visible iris diameter 
3) As the cornea flattens the peripheral flattening becomes greater. 
In other words, there is less difference between the corneal apex and its 
periphery in a steep cornea than in a flat cornea 
Ihe writer has concluded that the lens construction should be as 
follows 
l From 7.2 mm. to 7.55 mm. central radius, the peripheral 
radii should be .4 mm. flatter in the secondary and .5 mm. flatter than 
the secondary in the tertiary. The sizes of the zones of the lenses in this 
range would be: (a) Central zone 6.0 mm. (b) Secondary zone 1}, 


mm. + 13, mm. (c) Tertiary zone '4 + !4 mm. 


2. From 7.6 mm. central radius to 8.0 mm. central radius, the 
secondary radius would be .5 mm. flatter and the tertiary .6 mm. flatter 
than the secondary. The sizes of the zones of the lenses in this range 
would be: (a) Central zone 6.5 mm. (b) Secondary zone 1.6 mm. + 
1.6 mm. (c) Tertiary zone + 14 mm. 

3 From 8.05 mm. to 8.25 mm. central radius, the secondary 
radius would be .6 mm. flatter and the tertiary .6 mm. flatter than the 
secondary. The sizes of the zones would be: (a) Central zone 7.0 mm 

b) Secondary zone 1.35 + 1.35 mm. (c) Tertiary zone '4 + 14 mm. 

+. From 8.25 mm. and up the secondary radius would be .7 mm 
flatter and the tertiary .7 mm. flatter than the secondary. The zone 
sizes with the exception of the extremely flat lenses would be the same 
as group 3. The construction of these lenses is based upon an analysis 
of 632 corneae 

It must be borne in mind, however, that this series of lenses is 
designed for diagnostic purposes only and not for direct prescribing 
It so happens that. in so far as the writer's practice is concerned. better 
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than 50% of patients can be directly prescribed for from this series 
of lenses—double and triple radii. In other words, the lenses are placed 
on the cornea, and a clinical analysis made. The prescribing is done 
from that analysis. As one gains experience with the Contour principle 
he may find it advantageous, in so far as his practice is concerned, to vary 
the control lenses somewhat. This is no different from the manner in 
which practically every practitioner slightly varies his refractive diagnostic 
tests from textbook procedure. 

The lenses used by the writer are designed to enable the optometrist 
to judge the clinical patterns with and without fluorescein. The lenses are 
designed in such a way that in the majority of cases the optical zone 
diameter of the lens will be exact (from a prescribing point of view) or 
larger. The peripheral flattening is designed so that it will be the proper 
amount or on the steeper side. 

The desired clinical picture, in keeping with necessary prerequi- 
sites to prevent corneal changes, is a lens which rests centrally on the 
cornea or rides up slightly, but never encroaches on the superior limbus, 
with a central bearing surface of about 2; of the lens diameter in double 
and !, in triple radius lenses with complete peripheral clearance. If the 
optical zone of the lens is too large a dark ring will be created surround- 
ing the corneal regular zone. In addition, there will be a central fluor 
escein pool in spite of the fact that the lens radius, in its center, con- 
forms with the corneal radius. If a lens is prescribed in this manner it 
will usually result in edema of the cornea and an increase in refractive 
myopia. In addition, it will result in tight symptoms and a sealing off 
of the corneal apex eventually causing corneal exhaustion. A lens hav 
ing too small an optical zone and/or too flat a secondary radius will 
ride high on the cornea and encroach on the superior limbus. The usual 
result is a flattening of the cornea between the corneal apex and superior 
limbus resulting in a hyperopic spectacle blur. Frequently, this is some : 
times preceeded by a myopic blur resulting from friction and pressure. 7 
The friction and pressure first causes edema of the corneal tissues. This - 
soon subsides and a reversal occurs. If this condition is permitted to 
exist the pressure on the limbal vessels sooner or later results in corneal : 
exhaustion. 
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OF DRUMS AND CHICKENS 
There is a strange pendulum in human affairs that swings from 
success to excess. If a little works, and a moderate amount even better, 
we go all out until we run it into the ground. After a long period of 
practically no public relations in optometry we discovered its value. 
Now there seems to be a feverish attempt to make everything we do 
into a news story. Beat the drums! 


The Orinda Vision Study has now been published in book form t i 


under the title Viston Screening for Elementary Schools: The Orinda 


Study by Blum, Peters and Bettman. As one of the authors I feel a 1 


little like a mother hen who has been sitting on a nest of eggs. Its | 
been a long and arduous task, but the chicks are about to hatch. I have 
been exceedingly careful not to step on any of the eggs. Perhaps, like 
the mother hen, | feel over-protective toward the chicks. Beating drums 
may scare off some of the most valuable chicks and the noise may 
frighten some to death. 
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EDITORIAL 


This study is truly a cooperative enterprise. Public health officials, 
education officials, leading ophthalmologists, optometrists, nurses, statis- 
ticians, teachers, parents all have worked hard and long to make this a 
truly comprehensive study. Being realistic and considering the political 
climate of organized medicine, some of these people have demonstrated 
considerable courage in participating as they have. They have taken a 
calculated risk in their sincere desire to help children with vision prob- 
lems. For this we should be extremely grateful. We should do nothing 
that might increase the possibility of reprisal against those who have 
worked so well. 

This is a cooperative study—not an optometric study. We have 
much of interest and concern here, but it is not ours alone. If our 
public relations or publicity efforts make capital of this so that it looks 
like an optometric study, we will have lost much of what we have 
worked so hard to gain. 

This study does not need resolutions passed at conventions, it does 
not need the beating of the drums. It is a scientific effort that can stand 
on its own feet. It is already attracting more attention than could be 
obtained by any publicity campaign. Dr. Blum reported it to the Amer- 
ican Public Health Association meeting in St. Louis and it will appear 
in their journal. | have reported it to the American Academy of Optome- 
try in Boston, it will appear in this journal also. Together we reported 
it to the California Optometric Association. I reported it to the Calli- 
fornia Educational Research Association in Sacramento in March. The 
word is getting around. Best of all is that we are being invited to make 
these presentations, we are not seeking a soap box. 

The University of California Press is preparing news releases to 
four hundred newspapers all over the nation. Review copies of the 
book will be sent to every major journal in related fields. There is 
much interest. The chances are you will be asked to discuss this by 
your local health and education officials. I hope you will be prepared 
to participate in conservative, dignified. knowledgeable conferences on 
this subject in your own community. 

Finally, please do not beat the drum. The chicks are tender. Let 
them grow quietly and securely. I have no doubt that you will be 
proud of them. 

HENRY B. PETERS, M.A., O.D 


SCHOOL OF OPTOMETRY 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
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SPECIAL REPORTS 


TRUTH, FALSEHOOD, AND MEDICAL ETHICS* 


Vernon Ryan? 
Pennsylvania State College of Optometry 
Philadelphia, Pennsylvania 


in a special edition of the Journal of the American Medical Asso- 
ciation’ the Judicial Council of the House of Delegates discusses the 
1957 code and makes special reference to section three. In this report, 
the following statement appears: “At no time have optometrists been 
officially declared sectarian or cult practitioners.” This statement is 
of course literally true. The implication, however, is that optometry 
may well be a sectarian or cult practice, and that all that is lacking is 
for it to be “‘officially declared” such. “‘Half a fact is a whole false- 
hood,"’ said Magoon. 

It is the author's purpose in the present report to consider the 
optometric profession in the light of the statement by the Judicial 
Council. It may be stated at the outset that optometry, like other pro- 
fessions, has a few cultists. It is grossly unfair, however, to judge an 
entire profession by the few who are irregular and unorthodox, and 
certainly nothing in the statement of the Judicial Council implies that 
the reference is to a few optometrists. How, then, may the statement 
be interpreted? 

If the Judicial Council has in all sincerity charged optometry with 
unorthodoxy then it should not be difficult for the Council to point 
out that part of the optometrist’s training which ts irregular or in any 
way unsupported by a firm scientific basis. Can it be the courses in 
anatomy, physiology, and physiological chemistry that are suspect? 
Hardly, for there is nothing unorthodox or unscientific about these 
courses, which are identical in substance if not in quantity with those 
same courses as taught in medical schools. Is there anything irregular 
or unsound about the courses in general histology and bacteriology? 
The courses in neural anatomy, ocular anatomy, and ocular histology 
in the optometric curricula of our schools are excellent in caliber, as are 
also the courses in ocular pathology and ocular histopathology. It should 


*Read before the Honor Society of Pennsylvania State College of Optometry, Phila- 
delphia, Pennsylvania, January 14, 1959. For publication in the June, 1959, issue 
of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACAD- 
EMY OF OPTOMETRY 

FOptometrist. F.S.M.C., M.R.S.H. (England). Member of faculty. 

Fellow, American Academy of Optometry 
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not cause any surprise that all the textbooks used in the courses so far 
mentioned are written by physicians or teachers at medical colleges. So 
far then, we can note nothing in the optometrist’s training that ts 
unorthodox or unscientific. 

The courses in psychology which optometrists study follow 
standard patterns and emphasize perception and learning. There is little 
or no room for deviation here. Mathematics is taught only in review 
in order to provide a firm basis for the study of physical and geometrical 
optics. The days of Galileo are far behind us now, and there is little 
danger of excommunication for believing the teachings of basic mathe- 
matical sciences. Physiological optics is stressed in the various schools of 
optometry to such an extent that the quality of the instruction in this 
subject is unequalled anywhere else in the world, even in the medical 
schools. In case courses in this subject be thought unorthodox or 
unscientific, it may be well to point out that we abide very much by 
the teachings of the great physiologist and physicist. von Helmholtz. 
by the optical science of Kepler, Thomas Young, Gullstrand, Tscherning, 
Gauss and Listing, by the work of Purkinje and Scheiner, and by that 
of Aubert, Abney. Fincham and other scientists, not all of whom were 
or are in the medical fold. There is certainly no room for a charge of 
being unorthodox or unscientific in respect to physiological optics. 

What of the courses in ‘““Optometry’’? Here we refer to that 
which in its essence is the art of correcting by optical means the refractive 
errors of the eye. Refractive procedures are simply applied physiological 
optics, the techniques of which were taught by optometrists to the 
early ophthalmologists in Philadelphia? at a time when the medical eye 
men were losing their prejudice against the correction of visual defects 
»by means of spectacles. The field of refraction was possessed almost 
exclusively by optometry until about 70 years ago, although the title 
“optometrist’’ was not then in general use. If the science of refraction 
is sectarian or cultist, it is plainly evident that medicine itself wishes 
to become partly sectarian and cultist, also. 

If, however, it is not in the realm of refraction to which the charge 
sectarian and cultist is levelled, then where else can it be? ‘Visual Fields”’ 
is an important subject in the curriculum of optometry. It is a course 
in which perimetry is taught as applied to the charting of visual field 
defects in the seeking out of general neurological and systemic diseases. 
The textbooks used are written by medical men and the teachings are 
followed rigidly. Optometrical mechanics as taught to optometrists is 
largely the art of best adapting lenses to the face by means of frames 
or mountings. 
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The art and science of refractive examination, which is optometry’s 
chief clinical interest, can hardly be considered a sectarian or cultist 
activity. If there is anything cultist about the prescribing of spectacles, 
it may perhaps be found in the offices of those few medical eye men 
who insist with great vehemence that without ‘‘drops”’ refracting cannot 
be done. It is ironical that optometric refractionists who are not allowed 
to use the ‘‘magic’’ drops are accused of being cultists. 

It may be deemed unethical for the Judicial Council even to point 
out what it is which is considered cultist in optometric training or 
practice. Whatever it is which the Council has in mind cannot be 
a trivial matter. On the contrary, it must indeed be very important, or 
why would the Council have gone out of its way to point out that, 
“At no time have optometrists been officially declared sectarian or cult 
pratitioners? The statement is in fact a very mean innuendo of which 
medicine should be ashamed, and it behooves the rank and file of 
physicians to disassociate themselves from such views expressed by the 
Judicial Council. Competition is healthy, but slurring the name of a 
rival group is quite another matter. “‘Every violation of truth,”’ says 
Emerson, “is a stab at the health of human society."" On the part of 
official medicine, it is most unseemly. This wilful and cruel misrepre- 
sentation of optometry to physicians and the public must necessarily 
hurt not only optometry but the public as well and eventually medi- 
cine, itself. 

Perhaps, I have been too hasty in throwing back the charge of 
cultism to official medicine for elucidation, for I have overlooked visual 
training. Optometry utilizes visual training for bringing about greater 
visual efficiency of the eyes in conjunction with proper correction by 
spectacles. Also visual training is used in some cases as an alternative 
to spectacles, and sometimes even as an alternative to surgery in squint 
cases, and sometimes in the post-operative treatment of squint. 

The basic principles of visual training date back to about 1850 and 
the work of the French ophthalmologist, duBois-Reymond, whose 
work was further elaborated by Javal before the end of the 19th century. 
In England, Priestley Smith (1896) took up the educative treatment of 
squint and introduced his “fusion tubes."” Claud Worth, in London. 
initiated the systematized treatment of squint in children and started 
the first orthoptic clinic at Moorfields Hospital. Cantonnet and Filliozat 
added to the honored work of these great men, but comparatively little 
new has since been added except in the field of instrumentation. The 
theory of anomalous correspondence, so important in orthoptics. is 
expounded fully by the great English ophthalmologist. Sir Stewart 
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Duke-Elder. At the London Refraction Hospital, maintained by British 
optometrists, much important work in this field has been contributed 
by Margaret Dobson, M.D. Surely, there is little about the origin of 
visual training in Europe, or the present practice of it anywhere in 
the world, that suggests cultism. Although the attitude of medicine 
in the United States towards any kind of visual training is indifferent if 
not disparaging, orthoptics is recommended by many ophthalmogists, 
particularly in metropolitan areas. 

It is significant that, a few months ago, the British Parliament 
conferred official recognition on the optometrists of the United King- 
dom. In many respects, the British move slowly but surely, and | am 
quite sure that there is nothing about the recent honor that savors of a 
belated acknowledgment of cultist practitioners. Rather it is a formal 
recognition of true professional service carried on through two world 
wars and several decades of doubtful peace: a professional service that 
is second only to that of medicine itself in importance. So important 
is this service, that medicine in England has undertaken to provide for 
certain aspects of the clinical training of optometry undergraduates 
in spite of the fact that optometry as a profession still remains largely 
free and independent. 

How different is the picture of inter-professional relationship in 
the United States at this time. Resolution No. 77 of the 1957 “Prin 
ciples of Medical Ethics," states that “it is unethical for any medical 
doctor to teach in any school or college of optometry, etc."’ In an earlier 
paper,* I dealt with the fallacy and foolishness of such “ethics.” In 
discussing the resolutions of the Judicial Council, the A.M.A.' arrives at 
the conclusion that, “The House (of Delegates) has reaffirmed that it 
is a futile gesture to consult on a professional level with one who does 
not possess the same knowledge, training, experience and ideals as the 
doctor of medicine.” 

Let us examine these words closely. ““To consult’’ implies ‘‘seek 
ing the advice of,’ at least, that is the primary meaning of the term. 
Now there is surely no optometrist who expects an ophthalmologist or 
physician to seek his advice concerning a patient whom the optometrist 
wishes to refer to him. It is the optometrist who may wish to be 
advised, although usually, he simply wishes to hand over the responsi 
bility for medical care and to receive from the medical man the politeness 
and courtesy which is rightfully expected. Thus the A.M.A. has clearly 
reversed the facts of the usual optometric-ophthalmological collabora 
tion and has used the twist to emphasize the ‘‘futile gesture to consult 
on a professional level’’ with the optometrist. Obviously, this is just 
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so much political gobble-de-gok! “There are two peculiarities inherent 
in errors,” says Blaise Pascal, the French mathematician and philosopher, 
‘‘an impiety that renders them horrible, and an impertinence which 
renders them ridiculous."" The ridiculousness of this falsehood is further 
shown by Dean Lawrence Fitch* who points out that on the basis of 
“the same knowledge, training and experience,”’ it would be just as 
rational to forbid consultation between medical specialists engaged in 
the different specialties, or between specialists and general practitioners. 

‘‘Many years ago, there lived an Emperor who was so fond of new 
clothes that he spent all his money upon dress and finery." Thus, com- 
mences a children’s story in a book compiled by Margaret Dobson, M.D., 
of London. The book® provides for special techniques in the visual 
training of children suffering from amblyopia. This Emperor, on the 
occasion of a grand procession, was prevailed upon to wear no clothes 
except the ‘‘magic’’ garments which his unscrupulous tailors and advisers 
had convinced him would shield his person from the eyes of all except 
the most stupid and unworthy. I do not think, however, that I would 
have been impressed by the story, had it not been that it was a child 
who cried out, ““Why. he has got nothing on!"’ and thus put to shame 
the Emperor, the courtiers and the crowds of adult people. 

Is there not a parallel here reminding us of the simple open- 
mindedness of children and the fearful confused thinking of their elders? 
The child's mind sees through the web of pretence, prejudice and trans- 
parent irrationality in which adults so often seek to hide themselves. 
In the story of ‘““The Emperor's New Clothes’ it was a child who 
could not see the ‘most beautiful cloth imaginable,” who could see only 
the Emperor in all his nakedness. This child must have looked around 
him only long enough to study with amazement and incredulity the 
faces of his elders, before making that “‘historic’’ exclamation which 
instantly ended the ridiculous public exhibition of imperial folly. Are 
there no general medical practitioners, not too bogged down in “ethics,” 
who have retained sufficient child-like simplicity to differentiate between 
the ethics of Hippocrates and its present day counterfeit used mainly to 
fight age-old feuds? 

The A.M.A. would have physicians believe that every one of 
its members is free to “‘determine the propriety of his conduct,”’ for 
the statement is made that “‘these principles are not laws but standards.” 
This is an untruth. The same “‘ethic’’ used to club optometrists is also 
used to club physicians who dare to challenge the propriety of A.M.A. 
pronouncements. It is now a matter of history that a prominent faculty 
member withdrew from an optometry college because he feared inevitable 
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ostracism if he continued his affiliation. Again, owing to the passing 
of a highly esteemed professor who for many years taught pathology, 
an optometric clinic is now being denied the advantage of didactic first 
hand teaching in ocular pathology with the actual cases available right 
there. 

How different, again, is this situation to that which will soon 
prevail in England where medical men will not merely aid in the teach- 
ing of optometrists, but will also open up their own halls for this pur- 
pose. ““The most striking contradiction of our civilization,” says 
Stefansson, “‘is the fundamental reverence for truth which we profess, 
and the thoroughgoing disregard for it which we practice.”” In the 
United States at this time, we certainly have an example of this in 
regard to precept and practice as applied to self-determination of pro- 
priety among the members of the A.M.A. 

There is one other aspect of British optometric practice which 
deserves mention here. As is generally known, the ophthalmic opticians 
in England have been using mydriatics and cycloplegics since about 
1920. I, myself, in practice over there, found little advantage in the 
use of cycloplegics for the control of accommodation, but I did find 
that the use of a mydriatic was in very many cases invaluable. When, 
about ten years ago, the National Health Service was inavgurated, the 
ophthalmic opticians continued their role of providing eve examina 
tion and refraction for all but a relatively small pronortion of the 
British public, even though these practitioners still functioned as mem- 
bers of a non-registered profession officially non-existent. Early in 
1956, in a letter from the Secretary of The Britsh Optical Association. 
I was informed that about 25 million peovle had secured refractions 
by ophthalmic opticians under the National health scheme. It was not 
possible to know the proportion of cases in which a mvdriatic had been 
used to facilitate examination of the fundus, but since the majority of 
ophthalmic patients are over 40 years of age. and since in these cases 
examination of the fundus is usually facilitated by dilation of the pupil. 
a conservative estimate would say that a mydriatic was used in several 
million cases. The secretary informed me that he could not recall a 
single reported instance of harmful effects from the use of mydriatics and 
cycloplegics bv the ophthalmic opticians. 

I may safely assume that no basic difference exists between the 
eyes of the British people and those of the U. S. citizens. I may further 
assume, therefore, that the use of mydriatics is a nerfectly safe procedure 
This fact is substantiated by their use by ophthalmologists in this coun- 
try. very frequently instilled routinely by nurses or office girls before 
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examination of the eyes by the ophthalmologist. In my opinion the 
U. S. optometrists have quite a superior training to that which has been 
obtained by the ophthalmic opticians of England up to this time. Why 
is it then, that U. S. optometrists are so resolutely resisted in their 
efforts to have similar privileges to those of the ophthalmic opticians of 
England’? The real reason cannot be that the use of mydriatics involve 
excessive risks to the patient. Also, the charge cannot be fairly made 
that optometrists have inadequate knowledge and training in the use 
of such agents, for even if such a charge could be substantiated, it would 
be a simple matter to remedy the situation to the inestimable benefit 
of all concerned. But, alas, such a gesture on the part of medicine would 
be “‘unethical."" However, on such grounds, there is no need of medical 
aid to optometrists. [ do not think that optometrists need outside help in 
the matter of the proper use of mydriatics, local anesthetics, fluorescein 
and wetting agents. The real reason for medical opposition to the use 
of these aids has yet to be stated. 

There is good reason to believe that if the privilege of using certain 
eye drops was granted. optometrists would use such privilege as the 
basis for securing almost unlimited privileges in the use of these prepara- 
tions. Thus, they would begin to invade the field of ophthalmology. 
short of actual surgery. If ophthalmology entertains any such fear. 
then I want to say that I can personally understand its view. However. 
there is one unassailable principle to be borne in mind, i.e., that fear of 
the future is an inadequate excuse for not doing now what is known 
to be the right and proper thing. As all of us know, such a principle is 
extremely hard to live up to, but try we must. It is, therefore, unethical 
for official medicine to frustrate optometry’s efforts in securing any of 
the tools which the profession needs, while it is shackled by restrictions 
simply because, if freed of these restrictions, it might ask for more 
privileges. 

However, I think that it is time for optometry to declare most 
emphatically its reasonable aims and to reassure medicine that freedom 
to use all reasonable means of diagnosis in the interests of proper referral 
is quite compatible with the role of optometry as basically defined by 
the laws of most states. Optometry must be willing to draw the line 
somewhere between the activities of optometry and those of ophthal- 
mology. Medicine has every right to expect this. A settlement along 
these lines would be infinitely better than the chaotic situation which 
prevails now and may otherwise prevail for decades yet to come. It 
would, indeed, be vastly better for optometry as a learned profession. 
going forward with ophthalmology. rather than opposed to it. in our 
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private offices, in factories and great commercial concerns, in the schools, 
in the union clinics, in the armed forces, and even in the hospitals, 
properly sharing the responsibilities. This is a reasonable and honorable 
ambition. Indeed, it is a goal which should already have been reached 
and enjoyed. But it does behoove optometry to examine itself honestly 
and sincerely and to acknowledge openly a firm conviction that its aim 
is basically optometric and not ophthalmological. 

2024 72ND AVENUE, 

PHILADELPHIA 38, PENNSYLVANIA 


REFERENCES 

1. J. Am. Med. Assn., Special Edition, June 7, 1958, p. 16. 

2. James Cook McAllister’s testimony before the Pennsylvania Court of Common 
Pleas. in My Fifty Years in Optometry, Vol. 1. by Albert Fitch. Philadelphia, Pa 
Pennsylvania State College of Optometry, 1955, p. 15-16. 

3. Ryan, Vernon, Special report: optometric and medical ethics, Am. J. Optom. and 
Arch. Am. Acad. Optom., 34 (8): 441-445, 1957 

4+. Fitch, Lawrence, Confused A. M. A. ethics (editorial), Am. J. Optom. and Arch 

Am. Acad. Optom., 35 (9): 496-498, 1958 

Dobson, Margaret, The Amblyopia Reader. London, Printed by Rembrandt 

Photogravure Ltd 


PROBLEMS OF VISION IN AVIATION* 


T. C. D. Whitesides 
Royal Air Force Institute of Aviation Medicine 
Farnborough (Hants), England 


In flight today the problems of vision differ from those in the 
past not only because of the better performance of the machine, but 
also because of the differences in flying technique. Thus today if 
there is less interest in depth perception it may be because it is becoming 
possible to land an aircraft entirely on instruments, and without look- 
ing outside to judge the height above ground at the final flare out just 
before touch down. With the great increase in numbers of instruments 
required in an aircraft, the problems of instrument presentation require 
for their solution, the skills and knowledge of “human engineering” 
and consequently a considerable research effort has to be directed towards 
finding out how a pilot scans his various instrument dials and how 
much time he spends on each one. 


*Read before the annual meeting of the American Academy of Optometry, Boston, 
Massachusetts, December 14, 1958. For publication in the June, 1959, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

+Ph.D., M.B., Ch.B. Squadron Leader, Royal Air Force 
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Yet, although the accent may appear to be upon vision within 
the cockpit or aircraft cabin, the ability of the pilot to use his eyes 
in searching the sky outside the aircraft is still regarded as most impor- 
tant not only by military but also by the pilots of civil airlines. 

The continued importance of visual search of the sky is more 
of a problem today, because not only is less time available from seeing 
a target to reacting to it, but also the scene itself which the pilot sur- 
veys, is one in which it is more difficult for him to see his target. 

The high altitude sky in which more znd more pilots have to fly, 
is characterised by the absence of clouds or other visible detail. Since 
there are specific problems associated with this type of environment, I 
have called it an empty visual field: that is, one which may or may 
not be bright but in which there is no detail visible to the eye. 

The empty visual field is characteristic of the visual scene above 
the tropopause (about 35,000 feet) but it can still be encountered at 
lower altitudes as a clear blue sky or as mist or fog. 

With increasing height above the surface of the earth the sky 
becomes progressively darker, its luminance bearing a direct relationship 
to the atmospheric pressure, but even when a height is attained at 
which the stars will be visible, in the daytime sky, it is doubtful 
whether a pilot would be capable of seeing them because he will almost 
certainly have within his immediate visual field some objects illuminated 
by direct sunlight if not direct sunlight itself. The high contrast be- 
tween the bright area and the dark sky would probably prevent him 
from becoming sufficiently adapted to the lower luminance to see the 
stars in it. This effect could be easily overcome by spending some 
minutes away from the sunlit areas. This problem is like that of 
looking out of a window of an illuminated room at night. It is not 
possible to see the stars of the night sky unless one goes close to the 
window to remove specular reflections and to keep the higher intensity 
light out of the eyes 

And so it seems that the visual field observed by the pilot flying 
outside the earth's atmosphere may also be empty with the possible 
exception of some of the brighter stars and with the exception of the 
visual field seen when looking towards the surface of the earth. 

There are a number of interesting problems associated with the 
empty visual field which are of both a physiological and of a psycho- 
logical nature. To the physiologist, the most interesting is certainly 
that associated with accommodation. 

It seems that when the visual field is devoid of visible detail. the 
emmetropic eye is unable to relax to its punctum remotum at infinity 
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Accommodation is usually accepted as being fully relaxed when the 
eye is focussed at the far point, but these findings would appear to 
indicate that the relaxed or “‘resting’’ position of the accommodation 
mechanism is for an intermediate position. Only the lens and its sus- 
pensory ligaments would be fully relaxed when the eye was accommo- 
dated at the far point and the resting position of the ciliary muscles 
might be associated with one dioptre of accommodation. On a teleo- 
logical basis, it is reasonable that the resting position of accommodation 
should be not for infinity, but for a closer distance such as arm's length. 

The experiment’s carried out have been reported in detail. Briefly, 
two techniques were employed, one subjective, which had the advantage 
of ease and speed of application, and one objective technique carried 
out in conjunction with Dr. F. W. Campbell. In the subjective tech- 
nique, the visual field was rendered empty by fogging out the back- 
ground with a 4D lens. At the focal point of this lens, namely at 
optical infinity, was a target plate with black dots so small that they 
were visible only when they were in focus. By moving the plate 
carrier back and forward, it was thus possible to determine after cali- 
bration the amount of accommodation from the position of the plate 
when the dots became visible. One could thus ‘‘seek out’ the amount 
of accommodation whilst the eye was looking at an empty visual field 
and without introducing into the visual field an accommodation 
stimulus. 

The objective technique consisted in positioning a double light 
source so that its Purkinje Sanson image reflected off the anterior sur- 
face of the crystalline lens could be photographed. On the photograph, 
measurement of the separation of the two lights indicated the amount 
of curvature of the anterior surface of the lens, and from this it was 
possible after calibration to determine the amount of accommodation 
again whilst the subject looked at an empty visual field and again as 
in the subjective technique without presenting the subject with any 
visible detail. This technique was not always employed because accur- 
ate fixation had to be maintained in order to see the reflection off the 
lens, and this rigid eye fixation was not compatible with the search 
which would be taking place in practice when looking out from an 
aircraft cabin. 

The results obtained by these techniques showed that in the 
presence of an empty visual field, subjects were unable to relax accom- 
modation to the far point. Accommodation was shown to be in a 
state of constant activity, fluctuating about a level of 0.5 to 2 dioptres, 
and sometimes approaching the far point but never quite reaching it. 
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When a cycloplegic was employed, this involuntary accommoda- 
tion disappeared and the eye remained focussed at the far point, sug- 
gesting thereby that this effect was indeed one of accommodation. 
Pupil size in all these experiments was controlled by employing an 
artificial pupil. 

If a stimulus, presented at the far point, was accurately focussed 
and then removed, the eyes remained for a short time focussed where the 
stimulus had been, but then after some seconds involuntary accommo- 
dation reappeared. If one considers the emmetrope who might have 
been employing collimated stimulus to overcome his involuntary accom- 
modation, the improvement which he had derived from this procedure 
was soon lost. 

An experiment was therefore carried out to measure the rate at 
which accommodation assumed its resting level: first, after loss of a 
stimulus at the far point, then after loss of a stimulus at the near 
point. Since the resting level of accommodation fluctuates, it is not 
possible to give rigid values, but in general the results showed that 
after losing sight of a near as well as of a distant stimulus, it took 
some 60 seconds for accommodation to reach its resting level. 

It was obvious that a stimulus at the far point would be more 
effective in overcoming involuntary accommodation if it was seen 
foveally, and that its usefulness would decrease as it was seen more 
and more in the periphery of the field of view. Accordingly, a series of 
experiments was carried out to determine the quantitative effect of the 
angular distance between stimulus and fovea. Since one had to pre- 
serve an empty visual field the simplest method seemed to be to have 
a black circle inscribed on a glass plate, and this plate placed at the 
far point. The subject then fixated what he judged to be the centre 
of the circle, obtaining thereby a stimulus at the far point at a known 
angular distance from the fovea, whilst maintaining foveally an empty 
visual field. 

The fact that an emmetrope searching a cloudless sky might be 
accommodating involuntarily to the extent of one dioptre, does not 
mean that he cannot see anything beyond one metre, because fortunately 
depth of focus associated with his pupil size will compensate to some 
extent. From the practical aspect again it was required to know by 
how much involuntary accommodation would reduce the pick up range 
of a distant target. A group of 63 subjects was tested after the apparatus 
had been modified to present them with collimated targets of various 
sizes, with and without a collimated fixation pattern beside them. 

The results are presented in Table I and it is evident that with no 
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TABLE I. 
Distance at which the collimated target is detected with and without 
the help of a superimposed collimated fixation pattern. 


Standard 
Mean deviation Range 
No stimulus distance 9.9 4.0 4.5—18.0 
With stimulus distance 19.0 2.1 12.0—24.0 


visible detail to help them, subjects only detected the target when it was 
twice the size at which it was visible with the help of the fixation 
pattern. In terms of pick up range, the involuntary accommodation 
associated with the empty visual field reduced the pick up range by half. 
As a counter check on the amount of accommodation that this reduction 
of acuity represented, one subject was examined after instillation of a 
cycloplegic to paralyse accommodation. The different levels of accom- 
modation were simulated by placing before the eye, lenses of various 
powers. The previous experiment of increasing target size was then 
repeated. It was noted that a reduction of acuity by half is associated 
either with a refractive error of one dioptre beyond optical infinity, 
or with a myopia of about 0.75 dioptres. 

To summarize, it has been found that the absence of detail at 
infinity in an empty visual field renders it impossible to adjust the 
eyes with any certainty for a focus at infinity. When no definite object 
is being fixated, as when one is searching in an empty visual field, the 
point at which the eyes are focussed is constantly changing. In general, 
however, the point of focus may fluctuate about a given level, and 
in the case of a long sighted individual the point of average focus may 
be beyond optical infinity. He may thus be focussing rays of light 
which are converging towards his eye. The low hypermetrope may 
have an average point of focus about optical infinity. In the emmetropic 
eye, it is not possible to focus beyond optical infinity, and when this 
eye views an empty visual field, the average focus is nearer than infinity 
so that the emmetropic eye becomes under these conditions virtually 
myopic. Likewise the myope becomes even more myopic. 

It must be emphasised that the accommodation mechanism is in 
a state of constant activity and is seldom stationary at any one level, 
particularly when an empty visual field is being observed. Realising 
that there is difficulty in focussing at infinity, an individual may make 
a voluntary effort to look in the distance. This effort can never de 
liberately cause the eye to relax to infinity and, on the other hand, 
it frequently causes accommodation to increase so that eventually the 
point of focus may be much nearer than it would have been if no 
voluntary effort had been made. 
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It is thus not possible to state that a given individual whose eye 
has a certain refraction will be focussed at a certain distance during 
search in an empty visual field. One can merely state in broad terms 
that, under the best conditions possible, the slightly far sighted subject 
may have most advantage, since he may be focussed at infinity. 

Thus, when searching in an empty visual field, it seems to be 
largely a matter of luck whether an individual focusses his eyes for 
infinity or not. He can, with training, learn not to make the voluntary 
increase in accommodation and to allow his eyes to relax. He cannot, 
however, without a stimulus at infinity, overcome the empty field 
myopia which makes him focus one to two metres away instead of 
an infinity. 

It is clear that some aid is necessary to enable subjects to focus 
optical infinity which as far as the eye is concerned with a pupil size 
of 2 or 3} mm. may be regarded as being about 30 feet from the eye. 
Looking at another aircraft will therefore automatically make the eye 
focus at infinity. Again, however, one must remember the hypermetrope 
for he, looking at an object 30 feet away, may voluntarily throw it 
out of focus so that his eyes focus a point beyond optical infinity. 
Thereby he may lose the advantage gained by the presentation of the 
target at infinity, and be at the same disadvantage as the emmetrope 
or myope. 

It is consequently necessary to learn to use the eyes when searching 
in an empty visual field, either with the help of some aid, such as an 
optical device which projects a pattern at infinity, or when using an 
object in the foreground such as a wing tip, or another aircraft. Any 
effort which may be made by the subject succeeds merely in causing his 
point of focus to come much nearer than the average resting position he 
could achieve when looking at an empty visual field. Thus, when one 
searches in an empty sky for another aircraft, if an effort is made to 
overcome the appreciable difficulty in focussing. one frequently finds 
that one is suddenly focussed on the small specks of dirt on the wind- 
screen, apparently because the point of focus has gradually approached 
as the efforts were being made to relax accommodation further. 

Associated with the empty visual field. however, are a group of 
problems which belong rather to the realm of psychology. When 
movement being observed is of small angular size, its perception depends 
upon there being a fixed background pattern against which it will be 
detected. In the absence of such a background the perception of move- 
ment is no longer possible with any certainty. 

When a cat is about to jump it moves its head up and down 
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presumably in an effort to judge distance by relative displacement, 
between the target and its background. In the air, judgments of dis- 
tance are similarly more accurate when they are based on parallactic 
displacement but, again, as with distance perception if there is no back- 
ground detail, parallactic clues can no longer be employed and the 
judgment of distance becomes erratic. (We are considering, here, dis- 
tances which are too great to be helped by binocular parallax or con- 
vergence clues. ) 

From the perception of distance, one makes deductions as to the 
size of an object, and from the perception of movement one makes 
deductions as to its speed. If the visual field is empty it is evident that 
these judgments are no longer possible with any accuracy and that the 
difficult task of search is made more difficult still since one has lost 
the clue of movement which might have rendered more easily detectable 
a target at threshold visibility. 
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MY FIFTY YEARS IN OPTOMETRY, VOLUME II, AN AUTO- 
BIOGRAPHY. Albert Fitch, O.D. Published by the Press of the 
Pennsylvania State College of Optometry, Philadelphia, Pennsylvania. 
385 pages. Illustrated. Cloth. $10. 1959. 

This book could fittingly be subtitled, “One Man's Fight for 
Professional Optometry,’ for here the author continues from his first 
volume by the same title, his detailed coverage of the struggle that 
has marked the last five decades in the history of Optometry. 

This book follows along very much the same plan as the first 
volume, using source materials, to a very large degree, and adding his 
own comments and explanations only as a means of achieving con 
tinuity and clarity. In this book, he is broadening the scope of his 
interest in education. While his correspondence and speeches still empha- 
size better professional schools and higher educational standards, he 
turns his attention to the profession itself, and shows through the 
medium of his various documents, how a more professional attitude 
on the part of optometrists everywhere is being gained. And, too, there 
is material included here, designed to educate the general public to the 
aim and ideals as well as the practices of the professional optometrist. 

One of the interesting experiences in reading this book was again 
meeting—through the medium of their own written words—some old 
friends who have been active in optometry throughout the years. One 
catches a glimpse of a familiar personality, through touches of humor, 
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practicality, stubbornness, friendliness—or even anger, as one reads the 
letters after the passage of so many years. 

Albert Fitch has completed a very tedious and time consuming 
job in compiling the maierial for this volume. A man less dedicated 
would have dispaired of the task of assembling and organizing the 
abundance of correspondence, news clippings. and reports that have 
gone into making this book. 

Through this unique contribution, Fitch has provided a reference 
book which definitely has a place in the library of every college of 
Optometry. And, to the young optometrists who have recently begun 
to practice, it can be an invaluable help as the author shares with them 
his vast experiences and gives them the story of the development of 
their chosen profession, both its educational and legal aspects. It is 
also an excellent reference for any group preparing professiqnal legisla- 
tion, because here may be found helps in wording and content of legis- 
lation passed by various states—also, a first-hand account of the 
pitfalls and high points of each bill, and its eventual success or failure. 

It would be a well-worthwhile study for groups, or an individual 
planning promotional work of any kind as it relates to the professional 
or educational fields. These are the projects dear to the heart of Albert 
Fitch, and every scrap of material—be it records of a planning meeting, 
a newspaper report. or criticism of the results—are preserved here for 


»sterity to study and review 
JOHN D. PERRY, JR., O.D. 


304 O'HANLON BUILDING 
WINSTON-SALEM, NORTH CAROLINA 


A TEXTBOOK OF MEDICINE. Tenth Edition. Edited by Russell 
L. Cecil, M.D.. Se.D., Cornell University, and Robert F. Loeb, M.D.. 
Sc.D., Columbia University. Published by the W. B. Saunders Com- 
pany, West Washington Square, Philadelphia. 1,665 pages. 182 
Illustrations. Cloth. $16.50. 1959. 

The 10th edition of this medical text has just appeared. It has 
been rewritten during the last four years and without question will 
find welcome with general medical practitioners as well as many 
medical specialists. The technical contributors number 166. 

This is not an optometric book. The reviewer wishes to point 
out, however, that the Foreword, Patient-Physictan Communcation, 
applies equally well to optometrists and would be excellent reading for 
every member of the optometric profession. This foreword by Dana 
W. Atchley. M.D., deals with (1) the need for a sympathetic and 
discerning case history, (2) proper communication on the emotional 
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level, (3) proper communication on a cultural level, and (4) on an 
intellectual level, (5) the need for mutual integrity in communica- 
tion, and (6) last of all, the value of humor. Here the author stresses 
that while the best of technical training is, of course, essential, that 
these values do much to improve the art of medical practice. 

On page 1,425 Harold G. Wolff, M.D., professor of neurology 
at Cornell University, discusses headaches. He says that astigmatism, 
hypermetropia, anomalies of accommodation, disturbances of the extra- 
ocular muscles and also glaucoma are the cause of headaches but that 
simple myopia does not evoke these pains. In his discussion he calls 
attention to the fact that the myope, in attempting to improve his 
vision by contraction of his eye muscles, actually makes vision worse 
and soon abandons the effort. 

Wolff believes that headaches associated with ocular disorders are 
the result of sustained contraction of the intraocular muscles associated 
with excessive accommodative effort expended to attain fusion and 
single binocular vision. The author also points out that electromyo 
grams from the muscles of the neck and scalp reveal muscle contraction 
In this vast text the eye and its problems is mentioned by a number 
of authors in addition to the one quoted. 

CAREL C. KOCH, O.D 


EYES, VISUAL ANOMALIES AND THE FUNDAMENTAL 
READING SKILL. Earl A. Taylor, Director, Reading and Study 
Skills Center, 15 Washington Place, New York City. 204 pages. 60 
illustrations. 30 case reports. 608 references. Board covers, spiral 
bound. $5.00. 1959. 

This publication bridges the gap between eye care and educational 
difficulties. The author calls attention to the emphasis on improving 
the present educational system, as well as the need for increased co- 
operation among the health specialists who attend children and ado- 
lescents. He points out the manner in which school programs can be 
improved. In doing so, Taylor has delineated, in part, optometry’s 
role in diagnosing and treating visual problems related to reading and 
academic deficiencies. 

First, by means of a case history form, called the Functional 
Readiness Questionnaire, he establishes the symptomatology associated 
with individuals who need assistance in this area. He then reviews 
briefly the visual training procedures which have proved effective in 
developing individuals to the point that they are able to sustain effort 
at the reading distance, comfortably, for extended periods of time. 
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This first step in his visual-educational rehabilitation is called “‘raising 
the level of Functional Readiness.”’ 

A discussion of eye movements in reading is illustrated by eye- 
movement photographs of subjects representing each type of abnor- 
mality reported. In addition, the components of the Fundamental 
Reading Skill (i.e., the rate of comprehension, the span of recognition, 
and the number of fixations and regressions made by an individual while 
reading 100 words) are explained and ways and means of developing 
this skill are presented. A table of norms for all grades from first to 
college is included. A college student should read a paragraph of one 
hundred words, making only 75 fixations (eye stops) and 11 re- 
gressions. This results in an average span of recognition of 1.33 words 
per fixation. A reading rate of 340 words per minute is expected. 

A few of the reading graphs which the reviewer found most in- 
teresting included: One which demonstrated that readers, who read 
at the same rate, do not necessarily read with the same degree of 
efficiency. For example, while two readers may each read at a rate of 
421 words per minute, one may make 50 fixations and 2 regressions, 
while the other makes 90 fixations and 6 regressions. 

Another graph illustrates the manner in which one eye overcon- 
verges after the individual has read a few lines. The amount of over- 
convergence is a function of the increase in linear distance between the 
two traces, one from each eye. Normally these traces are parallel after 
the first fixation of each line. 

The third graph showed the improvement in a student's Funda- 
mental Reading Skill after approximately 34 hours training with the 
Tach-X (Tachistoscope) and Controlled Reader. The subject im- 
proved from 112 fixations with 26 regressions to 46 fixations with no 
regressions. The comprehension remained constant at 90%. In his 
chapter, “Visual Difficulties in Terms of Ocular Patterns,"’ Taylor 
discusses and illustrates reading graphs of individuals with hyperopia, 
myopia, astigmatism, anisometropia, aniseikonia, aphakia, and nystag- 
mus. There is also a series of graphs demonstrating the reduction in 
amplitude of nystagmus as visual training proceeded. 

A bibliography of 608 references concludes this publication. I 
recommended that optometrists read this book to improve their under- 
standing of the relationship of office practice procedures to reading 


and academic problems. 
HAROLD A. SOLAN, O.D. 


1187 GRAND CONCOURSE 
NeW YORK 52, NEW YORK 
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A patient with polyopia, the phenomenon of 
multiple vision, often presents a very difficult diagnostic 
problem. It is necessary to know the refractive media — 

involved in the creation of the polyopia. 


Application of a contact lens becomes a valuable aid to the 
diagnosis as it eliminates the most important refractive surface as the possible 
cause of the problem. The contact lens will form a new, regular surface on the anterior 
portion of the eye, thereby eliminating optical distortions of the front surface " 


of the cornea. If the polyopia disappears upon application of the contact r 
\ lens, then the cornea was at fault. If the polyopia remains with 
. application of the contact lens, the cause of the condition : 
~ must then be located in some other media. 4 
a 
See us at the FIRST WORLD lens problem 
CONTACT LENS we yo Company 
CONGRESS 
CHICAGO Dedicated to Knowledge and Research ; 


AUGUST 'S9 


69 EAST MADISON STREET CHICAGO 3, ILLINOIS 
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An aid to diagnosis 
: 


Genuine Therminon lenses are formulated to absorb *Infra- 
Red Radiations, yet provide high visible light transmission. 


The result is clear vision with cool comfort. Prescribe gen- 


uine Therminon the next time a patient complains of dis- 
comfort. They are one of America’s finest absorptive lenses. 
All reliable laboratories can supply you with Therminon 
lenses, or write Therminon Lens Corporation, 63rd and 
University Ave., Des Moines, lowa. 


ANNOUNCEMENT BY 


Illinois College of 
OPTOMETRY 


Applications for admission to 
classes beginning September 8. 
1959 are now being received. 
Three year course 
of professional study 
Leading to the Degree of 
Doctor of Optometry 


Requirements for Entrance: 
Two years (60 semester hours or 
equivalent — hrs.) in spe- 
cified liberal arts and sciences. 


WRITE FOR BULLETIN 
TO: REGISTRAR 
ILLINOIS COLLEGE 
of OPTOMETRY 
3241 So. Michigan Ave. 


Technology Center, Chicago 16, Ill. 


WATCHEMOKET | 
optical accessories 


“STANDARD OF 
THE INDUSTRY” 


MEDICAL 
EYE 
SHIELDS 


Made of a plastic which is non-toxic to 
the skin, these medical eye shields will 
fit confortably over compress and will 
fit contours of the orbit with or without 
compress . . . feather-light . . . furnished 
with elastic band. 


Model +130 
Specify color: flesh, pink or black 


WATCHEMOKET OPTICAL CO., INC. 
232 West Exchange Street + Providence 3, R. I. 
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TONOME NOW AVAILABLE TO THE OPTOMETRIC PROFESSION: 


THE WOLFE TONOMETER 


The use of the Wolfe Scleral Tonometer has been validated 
for the measurement of increased intra-ocular pressure as 
in glaucoma. 

It may be used for the detection of abnormal diurnal vari- 
ations, marked differences in comparative pressure of the 
two eyes and in conjunction with optometrically applied 
provocative tests, all indicative of incipient glaucoma. 

A brochure describing the specific instrumentation and 
summary of research will be sent upon request. 

The Wolfe Tonometer is available in limited quantities, and 
may be purchased directly. 


$46-°° 


F.0.B. CHICAGO 
DEPARTMENT OF CLINICAL RESEARCH 
Illinois College of Optometry 
Technology Center 
3241 SO. MICHIGAN AVE., CHICAGO 16, ILLINOIS 


BIND °EM... 
and you'll 
find them! 


Keep your copies of the AMERICAN JOURNAL OF OPTOMETRY 


AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY 
always available for quick, easy reference in attractive book form. 


January through December, 666 pages, (12 issues) bound in the best grade buckram, 
imprinted with your name on cover for $4.15. Annual index at back. 


Ship your 1958 Journals to us by parcel post. We will return your bound volume 
within 30 days. 


Full remittance must accompany order. im 


PUBLISHERS’ AUTHORIZED BINDERY SERVICE 
5811 West Division St. Chicago 51, Illinois 
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SATISFYING 
RX 
SERVICE 


is the infusion of many important elements 
The use only of recognized quality products The maintenance of a rigid inspection system 
Modern equipment and precision machinery in the processing of your prescriptions 


Highly skilled and experienced workmanship A personal friendly Rx service adapted to 
Sales policies constructive for the Profession your Optometric needs 


TWIN CITY OPTICAL COMPANY 


MINNEAPOLIS MINNESOTA WILLMAR 
49 Years of Quality First 


Complete Microfilm Reels of the entire An 
contents of the 
AMERICAN JOURNAL OF OPTOMETRY ACADEMY MEMBERSHIP 
and ARCHIVES of PIN 
AMERICAN ACADEMY OF OPTOMETRY 
are available by annual volumes (or years), 10K Gold 
at low cost, frm the 
UNIVERSITY MICROFILMS The Emblem of the 
313 N. First St. Ann Arbor, Michigan Academy 
Write for prices - Immediate shipment in a round, gold and blue 
enamel pin, 13 mm. in diame- 


ter, with safety catch. 


*® Organize Work in Process 


* Nest for Rigid Stocking Mailed Post-Paid 
*® With or Without Partitions $3 50 
MOLDED Rx TRAYS to members only 

Write for Send orders to 

Complete Catalog! 

APEX SPECIALTIES AMERICAN ACADEMY 
COMPANY 

1105 Douglas Ave. 

Prov. 4, R. |. OPTOMETRY 


1506-1508 Foshay Tower 


/\ 
A P f x Minneapolis 2, Minnesota 
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the case for UNIVIS Contiol 


Your best tool 


in prescribing 


UNIVIS Fight Control tenses 


It’s simple. Buy yourself one or two pairs of 
dime store sunglasses. When you've finished 
your examination, turn on the bright lights and 
slip a pair on your patient, hand him something 
to read, and ask this simple question: “Would 
you like as good vision with your sunglasses 
as you'll have with your new lenses which I’ve 
just prescribed for you?” 


In many cases, your next step will be to help 
him select the proper shade of Univis Light 
Control prescription sunwear to suit his par- 
ticular visual needs. 

Every patient? Of course not. No more than 
every auto buyer wants white sidewalls or a 
radio. But you'll be surprised how many will 
say “yes!” Send for free descriptive material. 


* Trade-mark of The Univis Lens Company 


UNIVIS— 
Fight Control 


lens series 


The Univis Lens Company, Dayton, Ohio P 
Professional Services Division 


Please send descriptive booklet on Univis Light Control 


Name 


Address 


City State 
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4. Segment and transition 
size deviation less than 


We 
took back 

every pair 

and replaced 


2. Front surface 
quality and 
spherical accu- 


racy to millionths 
of an inch. 


3. Soft transition, 
greater comfort and 
less ‘bifocal shock’ 

than a fused segment 
line. 


1. 22mm usable segment with power 
deviation less than .05 diopters (4 
Newton rings) — 40% more precise 
than industry standards. 


them with the |new 


YOUNGER-22 SEAMLESS LENS! 


This was the case last October when we offered 
to exchange all laboratory stocks of Younger 
Seamless Lenses manufactured prior to October. 
1958. 

A major breakthrough in quality and precision, 
achieved after twelve years of constant and 
continuous development, research and engineer- 
ing, has permitted the manufacture of a vastly 
improved, seamless dual-field lens with a full 
22mm usable segment with less than .05 diopter 
power deviation; a front surface accuracy to 
millionths of an inch and a segment-size devia- 
tion of less than .0125mm! 


Because of the unsurpassed quality of the new 
Younger-22 Seamless Lens, the decision was 


Write on your letterhead for a sample 

of the vastly improved Younger-22 Seamless 
Lens. There is no charge, but please give 

us the name of your independent supplier. 


made to replace all existing Younger stocks. 
We are grateful to the thousands of professional 
men who have continued to prescribe the very 
acceptable Younger Seamless Lens during the 
period of its development; they know today how 
much better the new lens is! 

If you haven't prescribed a Younger Lens since 
this past October, you are missing one of the 
most significant advances in lens manufacture 
of the past decade. 

Remember: you do not take the slightest risk 
when you do so, for if the patient cannot wear 
Youngers for any reason, your independent sup- 
plier will replace it with a fused bifocal of your 
choice at no additional cost. 


YOUNGER 


1829 SOUTH MAIN STREET 
LOS ANGELES 15, CALIF. 


INTERESTED IN A SIMPLE, DIRECT PRESENTATION OF THIS UNUSUAL LENS TO YOUR PATIENTS? WRITE FOR THE STORY! 


